I. INTRODUCTION
The topic of this "Round Table" is the impact of the "Grinter Report" on Engineering education over the last forty years, and its applicability to the future of engineering educa tion in the United States today. This Report had a profound impact on engineering education, and the participants of the Round Table are asked to assess this impact. In addition, they are requested to respond to the question of whether such a study and report could be accomplished today, and, if so, what impact could be expected.
The Grinter Report is in fact the final report of the Com mittee on Evaluation of Engineering Education of the American Society of Engineering Education appointed by ASEE President S. C. Hollister in May, 1952 , and was pub lished in September of 1955. A reprint of that final report fol lows the discussion of our distinguished participants; therefore, these remarks present a brief summary of the salient aspects of the report.
The charge to the committee was "to recommend the pat tern or patterns that engineering education should take in order to keep pace with the rapid developments in science and technology, and to educate men who will be competent to serve the needs of and provide the leadership for the engineer ing profession over the next quarter-century." After reading the report, one is impressed with five observations:
1. The collegial process by which the report was produced; this guaranteed the wide acceptance of its recommendations.
2. The cultural changes that the report documents in its explicit use of the masculine gender; in fact, you can almost interpolate white male as the constituent of the report.
3. That it is the genesis of the current ABET requirements for engineering; hence, the report has historical significance.
4. The wisdom contained in the discussion of the report; the considerations presented have applicability to the issues faced by engineering education today.
5. The impact of the "Cold War" on the concerns of engi neering education as expressed in the report; this documents the service that engineering education gives to our national pri orities.
The Committee consisted of 46 men, and was chaired by L. E. Grinter. Work began in May 1952 and the final report was published in September 1955. The following organizations supported the committee: ASEE, Engineering Foundation, the constituent Societies of ECPD (Engineers' Council for Professional Development, the precursor to ABET, the Accreditation Board for Engineering and Technology), the General Electric Company, the National Science Foundation, and the General Council of ASEE. In addition, 122 Instit utional Committees formed within Engineering colleges, as well as industrial and government respondents, reviewed and commented on the Preliminary and Interim reports.
The report begins with a summary, but the real impact of the report cannot be assessed until the body of the report is read. The Foreword presents the background for the work of the report, and an Appendix gives an historical background of previous evaluation studies. Thus the historical context of the committee's work and the significance of the report is estab-lished within the document itself.
It starts its discussion with considerations of the selection and development of the engineering faculty. In fact, it is noted that the current ABET criteria follows the same sequence of considerations, excluding the report's consideration of the graduate program. The next section addresses the curricular content in the context of the objectives of engineering educa tion. It is in this section that the committee establishes the area of engineering science and the five categories of the curriculum that are defined in the current ABET criteria: Basic Sciences and Mathematics, Engineering Science, Engineering Design, Humanities and Social Sciences, and Other. Of particular his torical interest is the establishment of the six areas of core engineering sciences: mechanics of solids(statics, dynamics, and strength of materials), fluid mechanics, thermodynamics, transfer and rate mechanisms(heat, mass, and momentum transfer), electrical theory(fields, circuits, and electronics), nature and properties of materials(relating particle and aggre gate structure to properties); these six were condensed from the nine engineering sciences identified in the prior versions of the report. This section ends with a summary of the time distribu tion among the five categories for the scientifically oriented engineering curriculum. It should be noted that the Report emphasized over and over again that their recommendations were not to be used as restrictive quantitative requirements, and that they encouraged institutions to experiment with the engineering curriculum.
The next section discussed the special factors that influence undergraduate educational achievement. This section discussed the interface with high schools and "junior colleges", as well as special groups of students such as the gifted and foreign stu dents. The last section addressed considerations of graduate study in engineering; this section was added in response to the recommendation of the reviews of previous versions of the report. It is interesting that much of this discussion on gradu ate study is applicable to the issues of today. The last section of the body of the report is the conclusions. The comments on the nature of the component of electives within the engineer ing curriculum in the concluding section appear to be particu larly topical for the issues of today.
The round table participants are four notable engineering educators. Each brings a distinct perspective to the assessment of the impact of the report and its importance for the issues of engineering education today.
II. PERSONAL REFLECTIONS ON THE GRINTER REPORT

EUGENE M. DELOATCH
The report was completed at a very interesting time in our nation's history. A time when Americans were riding the crest of world leadership in both technology and national pride. We were transitioning from a war-time to a peace-time economy. President Roosevelt had given the challenge to engineers and scientists to find ways to use their talents to improve the quali ty of life of all Americans, leading to the birth of the National Science Foundation. At the same time, we were well into the era of the cold war.
The vision displayed, through the Grinter Report, by those who investigated the status of engineering education, indicates both a boldness and certain degree of complacency. The bold ness came through clearly as they spoke of recognizing the role that both engineering and engineering education would play in the advancement of technology and society. For this, these individuals are to be commended.
The complacency, while it could not have been appreciated at the time of the report's development, comes through very clearly now. It is difficult to see how one could not or would not mention the need for the profession to be sensitive to the absence of everyone except white males in the profession. Especially since this was a time when our nation had just come through a great challenge: the second world war. When every American, without regard to race or gender, just a few years before, had been required to sacrifice for the good of the coun try; to work in war related industry; to accept rationing of some precious commodities; to invest in America through the pur chase of war bonds and saving stamps; and to take part in air raid drills on a regular basis. While racial segregation and gen der inequality were a fact during the war years, it was clear by the war's end that this state of affairs would soon be chal lenged. Signs of these changes should have been evident when President Truman ordered the desegregation of the troops in 1947, and the debate and unrest that preceded the 1954 Supreme Court decision referred to as Brown versus the Board of Education. With this unrest and the knowledge that African-Americans, other minorities, and women were not welcome in a number of engineering schools, it is interesting that this issue did not make its way into the report.
As I try to put myself in the place of those who deliberated over these matters, I feel that they may have been discussed but could not surface in the face of strong opposition to the thought that workforce diversity might or could become a real ity. It is my belief, however, that there were those in leadership roles in the ASEE who could not believe, or foresee, that diversity in our profession would become an issue. I am like wise concerned that, while it was thought that minority males might somehow find their way into the profession, the possi bility of women engineers in any number was quite far fetched.
When one corrects for these very serious oversights and/or lacks in wisdom and vision, the report and the recommenda tions that were implemented did much to chart the course for engineering education as we know it today. The recognition of the engineer's responsibility as a social being was referenced at various places in the report. While it is not possible to go through each area of the report in detail, I feel that the stress placed on curriculum, faculty, and students was right on target. If we broaden their curriculum discussion to include the need to maintain up-to-date laboratory facilities, we have similar issues before us today, 40 years after the report. As we work to better understand the global challenges of the present era, it is clear that we must find ways to educate our people in a manner that will allow them to develop a firm appreciation of the many challenges and opportunities facing this novel period in world history and the role that engineering and engineering educa tion will play in the shaping of this era. WILLIAM R. GROGAN The Grinter Report's 1955 recommendations for engineer ing education were durable, prophetic and extremely timely. The events which shortly followed the issuance of the report guaranteed its acceptance and accelerated the implementation of its key recommendations regarding enhancement of the sci entific nature of engineering education. In 1957 Sputnik went up, the next year NASA was founded, and for the next decade there flowed from every quarter-industry, NASA, NSF, DOD-an outpouring of funds which enabled the engineering colleges to rapidly develop the new engineering science curric ula recommended. Also ASEE started a remarkable series of effective teaching institutes, and NSF initiated a broad array of programs for high school science and math teachers. Meanwhile, a cornucopia of financial assistance ranging from undergraduate loans to PhD fellowships encouraged the brightest of America's youth to obtain the enginering educa tion necessary to participate in the great technological adven ture ahead. Through this epoch both engineering practice and engineering education were filled with an exciting sense of national purpose that has not been matched since. The results were spectacular.
The steady flow of high-tech achievements which followed the decade of the 60's to the present day stands witness to just how important the Grinter Report was in providing its wisdom and appropriate direction at a very critical point in the evolu tion of engineering education. It should not take anything away from the Grinter Report, however, to note that the high value the nation placed upon technology during the 1958-1968 period brought to the engineering profession a large and strong cadre of exceptional people who jump-started the post-Grinter era of engineering accomplishments.
Today we are in a very different world from the decade that followed the Grinter report when a large cohort of bright young white males, eager to participate in the space age feats daily acclaimed in the media, was strongly motivated to under take the compact, rigid engineering curriculum that evolved. This relatively homogeneous applicant pool has been replaced in 1993 with a diverse, bright young population of males and females representing many cultures and motivations with a large number of them skeptical about the professional recogni tion and satisfaction to be derived from an engineering career.
The Grinter report frankly recognized that it would be dif ficult to accomplish all it recommended in four years but assumed that it could be packed together. That it was, with the broader, liberal side of education coming in last. I believe the time has now come to review that early assumption and deter mine what price our students may pay if we continue to insist that engineers can enter the 21st century as off-the-shelf pro fessionals with basically a 1955 B.S. degree format. Technical specialization can be achieved at M.S. or M.Eng. level-an appropriate point of professional entry. Even if industry pre dictably may say this move is not really necessary, we in educa tion have a duty to our students to protect their future profes sional credibility via-a-vis those in comparable intellectual endeavors.
A new, much broader role should now be studied for under graduate engineering education, developing it as a pre-profes sional program, obviously for engineering, but also for other professional fields such as law, medicine, finance and interna tional relations. A basic engineering background combined with serious liberal studies can provide students a broader pre-professional background than a "liberal" program that fails to recognize technology at all. Let's seriously consider such a review! IRENE C. PEDEN Reading through the Grinter report after many years, I am struck by many of its features, including the active and ongoing passion of the engineering education community for evaluating itself. This is a scholarly work produced by some of the best minds of its time, with clear impact on accreditation criteria, the importance of research to educational innovation and fac ulty productivity, the significance of balance between the sci ence and art of engineering, and the need of the educational community to nurture and enhance the capabilities of engi neering students to communicate clearly and appropriately both orally and in writing. A description of the engineering problem solving process is a classic, just as valid today as it was 40 years ago.
The committee did not foresee the selectivity the academic community would apply in implementing the goals articulated in the report, which itself offers a balanced view of the techni cal and social objectives of an engineering education, of the qualifications of a creative and scholarly faculty, and of promis ing undergraduate and graduate students. Not anticipated were the downstream imbalances in academe that emphasized engi neering science and analysis to the point of reductionism at the expense of design and integration, faculty research at the expense of teaching and curriculum innovation at universities with graduate programs, publication and grantsmanship at the expense of other evidences of scholarship at those same institu tions, and the impact of federal support for research on acade mic priorities. The Grinter Committee viewed appropriate partnerships between academe and industry as more or less confined to consulting as a faculty activity that would ensure currency in addressing both the technical problems of industry and the talent pool concerns of employers and students. This view differs from that presently espoused by such government funding agencies as the National Science Foundation, namely that direct and facilitated faculty/industry partnerships in research and education are important to our ability to meet national needs for economic growth.
The committee reflected the community's insistence on minimum accreditation standards, as opposed to hierarchical evaluation schemes and model curricula; ABET/ECPD responded accordingly. Minimum accreditation criteria had hardened by the late '70s into bean-counting, a format not rec ommended by the Grinter report. ABET is to be congratulat ed for the flexible approach to program evaluation that is now taking hold.
The involvement of faculty with curriculum innovation and undergraduate students, sometimes in multiuniversity collabo rations, is another welcome current trend in engineering edu cation. Others are a renaissance in engineering design and integration, and recognition that overemphasis on science, engineering science, and analysis are not always in the best interests of solving production and management problems. The Grinter committee articulated the importance of pre-col lege education in preparing students for success in engineering, and expressed its hope that much might be done to improve the scholarly quality of education offered in the high schools. This did not happen, and a follow-on report would need to address K-12 education as one of the serious problems of our time in which engineers can make contributions.
The impact of the Grinter report on engineering education has been considerable. The insights of its authors into the match of engineering education to the technology and society they knew have held good far beyond their own time. Much of what they wrote still applies, but some important areas unique to the '90s suggest that a new study would be appropriate. The impact of the computer on what and how we teach, and the role of multi-dimensional simulations in engineering design and production are worthy of attention. A balanced view of new teaching and learning modalities, of the roles of both sim ulation and laboratory experimentation, and of breadth in defining engineering creativity are needed. It would be ALMOST sufficient for a new report to simply replace with inclusive language the unrelieved insistence of the Grinter group that all engineers are men. Words capture concepts, after all, and the report thus underwrites the still-prevalent view that engineering is a (white) male preserve. A new report would address the significance of U.S. demographics and the needs of the nation to endorse diversity in the workforce and to welcome and nurture all engineering students.
JOHN R. WHINNERY
Although I have been critical of persons who plan major educational experiments without reviewing past experiments or studies, I must confess that I'd nearly forgotten the monumen tal Grinter study until asked by Jim Harris to take part in this round table review. In rereading the report after nearly forty years, I'm amazed to find it so thorough and so current. The ten points in the summary are timeless principles that could stand as a tablet of ten commandments for engineering educa tion. These are broad principles, but even the detail of the report, with a few exceptions, could have been written this week.
My first introduction to the Grinter Report came from our Dean, Morrough P. (Mike) O'Brien, who was a member of the Grinter Committee. Mike was a dynamic and innovative per son and I'm sure contributed to the Committee as well as learned from it. In any event he referred frequently to the report and certainly followed its principles in building the College of Engineering at Berkeley. In particular, the impor tance of faculty quality was his first principle, as it is in the report. I find the sections on faculty selection and development beautifully stated and as true today as when written.
The sections on curriculum, if written today, would of course have much more to say about the role of computers, both as teaching aids and as design tools to be mastered. The report's primary recommendation concerns the need for more emphasis on the scientific base for engineering. This was a much needed correction to the handbook-oriented curricula prevalent before World War II. Many feel that this goal has been achieved at the expense of design, but it remains impor tant to have a fundamental base because of the rapid changes in our tecnology.
My main criticism of the curriculum discussion when I was department chairperson had to do with the list of six engineer ing sciences. After making the point in the first paragraph that engineering sciences stem from two basic areas, mechanical phenomena and electrical phenomena, it was disturbing to find that the first four relate to the former area and only one to the latter. The report makes clear that the list is not complete, encourages experimentation, and mentions information theory as a possible addition, but some accrediting teams did expect to find a course for each listed item. The points I like most about the curriculum discussion are those emphasizing breadth including the importance of oral and written expression, the need for some free electives in each program, and the point made over and over that experimentation is to be encouraged.
The section on graduate education was written at the time of rapid buildup of graduate engineering programs and much of the advice is directed to schools just starting such programs. Most of the recommendations are still valid, but there is only minimal discussion of the differentiation between master's and doctor's programs. The emphasis on the M.S. degree as the first professional degree came later with the 1968 ASEE study on the Goals of Engineering Education. The comments on student selection, care and feeding are very astute, as is the emphasis on the need for lifelong learning by engineers. All in all, this is a remarkable document, very much worth study and discussion in 1994.
III. RESPONSE TO COMMENTS
EUGENE M. DELOATCH
Since the Grinter Report is quite lengthy and covers a vari ety of topics, each in a good degree of depth, it was necessary for those of us who reviewed it to be somewhat narrowly focused in our response. Given this, one might assume that each of us therefore gravitated to those issues that appeared most important; observed and conditioned by our individual perspectives and our individual experiences gained while serv ing as educators.
It may be noted that each reviewer included similar com ments on the report's timeliness and its soundness based on educational principles. The Grinter Committee was properly cited for its impact on engineering education as we know it today.
In contrast however, two reviewers thought it noteworthy to comment on the merit of the "best and brightest" student con cept of the day, while the other two commented on the lack of diversity, admittedly by design, in the engineering student body of that day. Even though the nation freely and willingly invested in the education of these "best and brightest-young men" through programs like the G.I. Bill, fellowships, and graduate traineeships, it turns out that these were exclusionary efforts.
Now that we find ourselves in a global technological strug gle, the demographic imbalance in our engineering workforce is significant and glaring. Reading through the Grinter Report and looking to similar efforts to chart our course for the future, there may be lessons to be learned.
WILLIAM R. GROGAN
Some of the complacency observed by Eugene DeLoatch in his commentary is still around today, not only about the need to expand engineering's demographic make-up, but also about the need to identify and adjust to the changes taking place in engineering's professional ambiance. Such changes are every where: computers and communications systems require new concepts of professional practice; growing opportunities at dis ciplinary interfaces require more interdisciplinary perspective; globalization of engineering requires new linguistic and cultur al understanding; emerging employment practices will require a new level of versatility, self-confidence and entrepreneurial attitude. As life-long careers with single employers fade away, engineers face the prospect of multiple, even concurrent employers (clients), entry into non-traditional fields, and the possibility of having to bring to the table expertise in an area outside of engineering. How can engineering education respond?
Complacency combines with the innate conservatism of engineering education overseers to defer launching the type of systemic educational experiments needed to explore new direc tions in the preparation of engineering students. The new approach to engineering education developed at WPI twenty years ago was a major, systemic change and has produced excellent results. The price, however, has been twenty years of painful (but successful) haggling with ABET. The prospect of increased flexibility and encouragement of experimentation on the part of ABET mentioned by Irene Peden is not only wel come, it is essential, for the risk and effort associated with large-scale experimentation alone are enough to discourage such endeavors.
A new pathfinder study to guide the development, perhaps the reformation, of engineering education would be most valu able. The issues are out there, but they need analysis and focus.
IRENE C. PEDEN
The four of us vary in weighting its various aspects, but we are remarkably similar in our impressions of the Grinter report. It was an important predictor of the path engineering educa tion would follow, essentially providing a roadmap for a suc cessful educational system. The post-Sputnik era was a time for building, and build we did-rigorous curricula, high stan dards for graduate programs and faculty, research at the fore front of knowledge, and even a mindset that valued research for its own sake "because it is there". A Darwinian approach to education at all levels could be sustained then, without threat to national competitiveness. The country no more foresaw the current need for jobs and wealth creation than it did the need to encourage and nurture a diverse group of young people to pursue engineering careers. Until recently, we provided engi neering education according to the model of 30 years ago. The K-12 schools continued to follow the old model too. The economy on which it was based provided living wage jobs for high school graduates and high school dropouts. The educa tional community could assume that another echelon of young hopefuls waited to take the place of those who could not meet academic standards. We now have new models for systemic reform of the schools-approaches that recognize the extrava gance of this assumption.
Curriculum innovation is also in the wind in engineering education, along with collaborations among academic institu tions as they seek to shorten the catch-up time by sharing their findings of "what works". Engineering design concepts are emerging in undergraduate curricula at all levels. There are integrated introductions to basic and engineering sciences and mathematics so that students can see how they all fit together into a whole picture. There are more welcoming attitudes toward students, new and more exciting methods of delivering education, and software and videos to aid in visualizing abstract concepts. There is a general air of optimism that engi neering education is going to be more interesting and relevant to the needs of the '90s, and that this high tech society will once again recover successfully from a late start to solve its problems. A follow-on to the Grinter report would assist the academic community in bringing order to these multi-pronged efforts.
JOHN R. WHINNERY
In this response I would like to concentrate on the question of the need for another study similar to that leading to the Grinter Report, but directed to problems of this decade and beyond. Although most of us agree on the strengths of the Grinter Report, my fellow round table members are correct in pointing out some serious deficiencies of the report for the '90s. The most puzzling is the omission of any discussion of the need to encourage women and minorities in our profession since it was of concern to many persons even at that time. Some of the other points not covered, or insufficiently covered for present purposes, include:
1. The difficult matter of how best to teach design. 2. The proper relationship between the university commu nity and industry.
3. The role of the computer, and more generally, education al technology.
4. How best to structure programs so that the B.S. is a broad pre-professional degree with the M.S. or M. Eng. as the first professional degree.
5. How to strengthen the basic background of K through 12.
These points are of sufficient importance that a new study would seem to be warrented, and I think most of these matters are being considered by the NRC Board on Engineering Education. More important than another report, I believe, is encouragement of a period of active experimentation. There was such a period in the post-Sputnik era with NSF active in a variety of curricular innovations, the varied activities of the Commission on Engineering Education, and large-scale pro jects such as the tremendously successful WPI Plan (in which Bill Grogan played such a key role). NSF is again active with such matters as the Engineering Education Coalitions and programs for K through 12. There seems to be a general review of curricula in most schools with some imaginative restructur ing such as that at MIT. Accreditation was sometimes a hin drance to experimentation in the past, so I am glad to see Irene Peden's comment that ABET is now taking a more flexible approach with quality rather than specific content as the issue. I hope this continues and that we see a new period of imagina tive innovation. Engineering Education must contribute to the development of men who can face new and difficult engineering situations with imagination and competence. Meeting such situations invariably involves both professional and social responsibilities. The Committee considers that scientifically oriented engineer ing curricula are essential to achieve these ends and recom mends the following means of implementation:
APPENDIX
1. A strengthening of work in the basic sciences, including mathematics, chemistry, and physics.
2. The identification and inclusion of six engineering sci ences, taught with full use of the basic sciences, as a common core of engineering curricula, although not necessarily com posed of common courses.
3. An integrated study of engineering analysis, design, and engineering systems for professional background, planned and carried out to stimulate creative and imaginative thinking, and making full use of the basic and engineering sciences.
4. The inclusion of elective subjects to develop the special talents of individual students, to serve the varied needs of soci ety, and to provide flexibility of opportunity for gifted students. 5. A continuing, concentrated effort to strengthen and inte grate work in the humanistic and social sciences into engineer ing programs.
6. An insistence upon the development of a high level of performance in the oral, written, and graphical communication of ideas.
7. The encouragement of experiments in all areas of engi neering education.
8. The strengthening of graduate programs necessary to supply the needs of the profession, conducted in those institu tions that can: a. provide a specially qualified faculty, b. attract students of superior ability, and c. furnish adequate financial and administrative support. 9. Positive steps to insure the maintenance of faculties with the intellectual capacity as well as the professional and scholar *This project was financed in part by contributions from the constituent soci eties of ECPD, the Engineeing Foundation, the General Electric Company, and the National Science Foundation.
ly attainments necessary to implement the preceding recom mendations. These steps include: a. well-established recruitment, development, and evaluation procedures, b.favorable intellectual atmosphere, reasonable teach ing loads, and adequate physical facilities, and c.salary scales based on the recognition that the required superior faculty can be secured only be competitive remuneration, since professional prac tice in industry and government is inherently attractive to the best minds in engineering. 10. The consideration of these recommendations at this time before the problems of educating greatly increased num bers of engineers become critical.
Report of the Committee on Evaluation of Engineering Education
I. OBJECTIVES OF ENGINEERING EDUCATION AND THEIR IMPLEMENTATION
The Committee on Evaluation of Engineering Education of the American Society for Engineering Education (ASEE) was appointed in May, 1952, by President S. C. Hollister. This action followed a recommendation of the 1951 ECPD Committee on Adequacy and Standards of Engineering Education and also followed discussions within the Engineering College Administrative Council of ASEE, the Education Committee of ECPD, and the General Council of ASEE. The charge to the Committee was to recommend the pattern or patterns that engineering education should take in order to keep pace with the rapid developments in science and technology and to educate men who will be competent to serve the needs of and provide the leadership for the engineering profession over the next quarter-century.
The Committee on Evaluation began its work in June 1952, at the Dartmouth meeting of ASEE. The Education Committee of ECPD immediately requested the Committee to give consideration to the development of standards that might aid ECPD in bringing engineering accreditation in con sonance with future responsibilities of engineers. The Committee on Evaluation was asked particularly to clarify the curriculum content that differentiates engineering education from that in science on the one hand or in subprofessional technology on the other.
In order to enlist the aid of engineering educators through out the United States in this important undertaking, the Deans of all engineering colleges having accredited curricula were invited to appoint Institutional Committees to conduct their own studies on evaluation of engineering education. A series of questions expressing the broad problems confronting engineer ing education was sent to these Institutional Committees to form the basis of exploration. The discussion of these questions by the Institutional Committees and the ASEE Committee culminated in the preparation of a series of institutional reports and in the Preliminary Report on Evaluation of Engineering Education, which was issued in October, 1953.
This Preliminary Report was distributed for critical review to all colleges with accredited engineering curricula. The response of the institutions was extraordinary and resulted in an extended analysis that was nation-wide in scope. Reports embodying the criticisms which developed were received from 122 Institutional Committees. Study of these recommenda tions by the main Committee aided it in understanding the nation-wide thought of engineering educators. Many of these recommendations and those expressed in the previous evalua tion studies outlined in Appendix A, together with those of the Committee itself, formed the basis for an Interim Report on Evaluation of Engineering Education published in June 1954. Critical review of the Interim Report was sought and obtained. All institutions were asked to review the Report and submit criticisms. Several hundred copies were mailed to as many industrial concerns with requests for criticisms. Over eight thousand copies of the Interim Report were purchased in the first four months, which indicated both the wide interest of faculties in the Report and the extent of its distribution. It was also placed in the hands of all ASEE members by publication in the September 1954, Journal of Engineering Education.
From the comments received from individuals, Institutional Committees, industrial companies, and societies, the Committee has concluded that the Interim Report has been accepted as pointing the trend for the evolution of engineering education over at least the next decade. Hence, this final Report follows basically the same line of development as the Interim Report. However, the comments received indicated two weaknesses that are believed to have been remedied.
First, the Interim Report failed to give adequate emphasis to the graduate phase of engineering education. This weakness has been corrected by expanding the former section on gradu ate work. However, since this new section in the final Report deals only broadly with graduate study, it is recommended that those interested in the details of graduate education refer to A Manual of Graduate Study in Engineering, published in 1945 as an ASEE Committee Report (Journal of Engineering Educa tion, Vol 35, p. 650) and reissued in 1952 in monograph form.
Secondly, comments which were received, particularly from industry, place great emphasis upon the inability of engineers to express themselves in clear, concise, effective, and interest ing language. Stress was also placed upon the importance to engineers of an acquaintance with the humanities and social sciences. This has led the Committee to reconsider the place of non-technical studies in an engineer's education, with the result that this final Report places greater emphasis on human istic and social study and effective communication. Since a spe cial investigation of humanistic and social studies in engineer ing education is being conducted by another ASEE commit tee, the subject is treated broadly rather than in detail in this Report.
Studies were also made and comments received from com mittees appointed by other societies at the request of the Committee to consider the teaching of physics and of mathe matics to engineers. The American Association of Physics Teachers (AAPT), the American Institute of Physics (AIP), the Mathematical Association of America (MAA), and the ASEE Divisions of Physics and Mathematics all had commit tees participating in these studies. Although only one of these was a joint committee, the others served this purpose because of the overlapping membership involved and the joint meet ings scheduled. The ASEE requested the National Science Foundation to support various conferences in these areas. Its generous response in supplying the needed funds and the enthusiastic cooperation of the committees made additional comments available which assisted the Committee in formulat ing the revisions incorporated in this final Report.
The Committee expresses its appreciation of the Engineering Foundation, the constituent Societies of ECPD, the General Electric Company, the National Science Found ation, and the General Council of ASEE for the financial assistance which made this study possible.
A. Objectives of Engineering Education
The determination of the pattern which engineering educa tion should take in the future must, of necessity, be based upon the obligations of the engineering profession to society and upon the importance of the development of the student as an individual. The obligations of an engineer as a servant of soci ety involve the continual maintenance and improvement of man's material environment, within economic bounds, and the substitution of labor-saving devices for human effort. More over, his activity usually has a direct bearing on the welfare and safety of large segments of society. Like the physician, the engineer must work within the current limitations of the state of his art and must decide which one of several possibilities provides the best solution to a given problem.
Engineering is far from static, for it is essentially a creative pro fession. It has played a dominant role in building American industrial superiority, in developing the principle of mass pro duction, and in giving the American people their high standard of living. The continuing growth of our knowledge of basic science has opened vast new areas to engineering endeavor and has enlarged the foundations underlying many of the existing engineering fields. Some fields of engineering have been rea sonably alert in assimilating new scientific advances into their teaching programs. It is one purpose of this Report to encour age all fields of engineering education to move in this direc tion.
Any attempt to specify the content of an engineering cur riculum must be preceded by the development of a clear under standing of the objectives of such professional education. These objectives are two-fold and are based on the technical and social responsibilities that must be assumed by graduates expecting to enter the engineering profession. The entire pro fessional educational process is more inclusive in scope than an undergraduate engineering curriculum, for it also includes training in high school and post-baccalaureate study in a uni versity or in industry, along with continual self-study and with experience in engineering practice before full professional sta tus can be achieved.
Technical and Social Objectives-The first objective, the technical goal of engineering education, is preparation for the performance of the functions of analysis and creative design, or of the functions of construction, production, or operation where a full knowledge of the analysis and design of the struc ture, machine, or process is essential. It also involves mastery of the fundamental scientific principles associated with any branch of engineering, including a knowledge of their limita tions and of their applications to particular problems, such as the development of materials, machines, or structures as well as the ability to make critical scientific and economic analyses and to organize these into clear, concise, and convincing oral or written reports.
The second objective, the broad social goal of engineering education, includes the development of leadership, the inculca tion of a deep sense of professional ethics, and the general edu cation of the individuals. These broad objectives include an understanding of the evolution of society and of the impact of technology on it; and acquaintance with and appreciation of the heritage of other cultural fields; and the development of both a personal philosophy which will insure satisfaction in the pursuit of a productive life and a sense of moral and ethical val ues consistent with the career of a professional engineer.
These technical and social objectives should be met in a manner which will provide the individual with an enlightened background that will give him the means and the inspiration to grow on his own initiative before and after graduation. An undergraduate curriculum must serve a two-fold purpose of preparing some men for immediate employment and others for graduate study. This Committee believes that in any one field a curriculum with a reasonable degree of flexibility, as repre sented by electives, can meet both of these needs.
B. Implementation of Objectives
A number of factors influence the effectiveness of engineer ing education. Of these, the selection and development of a faculty and the relation of the curricular content to the objec tives of engineering education have received the greatest emphasis in the nation-wide discussions that have taken place, and they form the central theme of this Report. Admission requirements, high school-college articulation, existence of adequate facilities, provision for gifted students, and the signif icance of graduate programs are also considered for their effect on the implementation of any suggested changes in present programs. Nevertheless, thoughtful consideration inevitably leads to the conclusion that the character and quality of the faculty are of controlling importance. Therefore, the selection and development of the faculty is considered first.
II. THE SELECTION AND DEVELOPMENT OF AN ENGINEERING FACULTY
Distinguished faculties are far more important to the advancement of engineering education than details of curricula or magnificence of facilities. The university is a community of scholars and as such requires outstanding teachers to attract outstanding students. To improve and develop courses or cur ricula, to build up facilities-in short, to command respect as an educational institution-all require a faculty of competent teachers and scholars.
A thoroughly competent faculty can be acquired and main tained only if the college administration gives discriminating attention to the important problems of recruitment, selection, training, advancement, and termination of appointment.
Logically, however, the selection of competent staff members can be undertaken only after long-range curricular objectives have been formulated.
A. University and College Environment
The academic and professional development of an engineer ing faculty can proceed only in a favorable environment. More important than physical surroundings is the intellectual atmos phere; that is, the attitudes and ideas of the people who com prise the university. A common inner urge to know and to understand is basic to this atmosphere and leads to unity of purpose-the mutual selection of common goals and coordina tion of effort toward their achievement. There must be encour agement of intellectual growth and opportunity for profession al development such as is involved in the teaching of graduate courses. Teaching loads must be kept at reasonable levels to allow time for scholarly or creative activities. The development of such a favorable academic atmosphere should be the concern of all faculty members, particularly those in senior administra tive posts.
Physical surroundings also contribute to a favorable envi ronment. Facilities may be modest or extensive, as long as they are in harmony with and effectively serve the curricula. Besides adequate classrooms and laboratories, the individual teacher needs appropriate office space, research facilities, technical ser vices, secretarial help, and an effective library. An adequate library, its accessible location, and its required use are essential elements in any educational process.
The atmosphere of a university has a significant influence on student progress. Students need a close bond of mutual interest and friendship with members of the faculty. They need objective guidance and encouragement in their intellectual growth; they need sympathetic understanding of their personal problems; but above all, they need the realization that they are being treated as individuals. An administration and a faculty which are genuinely concerned with these responsibilities are most likely to create a favorable student environment.
B. Qualifications of Teachers
Any teacher at the university level must have notable intel lectual capacity and a sustained interest in a life of study for continuing mastery of his field-obvious qualifications that nevertheless merit explicit statement. To teach well, he must know and understand, clearly and in perspective, his own and supporting fields at a much more penetrating level than that required in his lectures.
The engineering teacher, in addition, must have a full appreciation of the goals to be achieved. He should realize, first of all, that a course can be taught either as a narrow spe cialty or as a liberal subject in a professional curriculum; he should strive for the latter. Such a liberal course is one in which the teacher inspires his students toward creative endeavor and intellectual development not only while they are in college but also throughout their careers. It is one into which he brings recognition of the importance of intellectual honesty and pro fessional integrity. To achieve these goals he should possess energy, enthusiasm, and a sincere interest in the development of men. To be fully successful he must exercise judgment and tact, and have the ability to meet the minds of his students. He should perform creative work whether it be in teaching, writing, research, or professional activities.
The selection of individuals for faculty appointments requires a careful evaluation of the qualifications. Good teach ers have always been personally creative and capable of inspir ing their students to creative endeavor. In the past they neces sarily emphasized the art or practice of engineering. However, during the lifetime of present faculties the art of engineering has come to depend greatly upon basic and engineering sci ence. It must also be recognized that universities are better equipped to teach the science underlying professional practice, whereas industry is better adapted to provide experience in practical applications. Within a faculty there should exist a bal ance of experience in both the science and the art of engineer ing.
C. Education and Experience
For a relatively young candidate for a faculty position, the strongest evidence usually available to measure a background of integrated fundamental knowledge and probable creative abili ty in teaching and research is an education which includes the doctor's degree. However, unless an academic environment is provided that will stimulate and retain men with an interest in creative work, mere insistence on degrees will not insure high quality in a faculty. For experienced persons, evidence of the capacity of the individual for creative teaching and research may be gauged by other criteria, and the formal educational background is of less significance.
Young engineering teachers who hold only the bachelor's degree should be employed only in a temporary position that presupposes a continuation of their education. Lack of such progress should be sufficient reason for terminating their appointments.
Appropriate professional experience in industry, govern ment, or private practice is important in a well-balanced facul ty. This experience should be considered in the selection and advancement of individuals, but it need not be a requirement for faculty members with a special educational background or with demonstrated creative ability in research or teaching. Every teacher, regardless of his background, should strive to become a recognized expert in his field. There is no substitute for knowledge of subject matter far beyond the limitations of that to be taught. However, it is recognized that mastery of subject matter alone will not guarantee good teaching and that neither industrial experience nor advance degrees are adequate criteria in themselves. The minimum essentials for good teach ing are the mastery of subject matter and the capacity of the teacher to draw students into active participation in the learn ing process. Strong individuality is often characteristic of dis tinguished teachers, but the capacity to cooperate with col leagues in carrying out the institutional program as a whole is nevertheless of great importance. The special qualifications of teachers participating in the graduate program are referred to in the graduate section of this Report.
D. Recruitment of a Faculty
Of paramount importance to any profession is the personnel of that profession. No time can be spent more profitably by administrative officers than that required for recruiting and developing competent teachers. Recruitment of a faculty embraces the search for persons whose abilities, aptitudes and personalities are of the desired type; telling them of the oppor tunities, environment, obligations, and limitations of the pro fession; ascertaining whether their ideals and ambitions are consonant with those of the profession and the school; and, finally, arranging suitable compensation for and other terms of employment.
New teachers are often recruited from among those students who have just finished study of a part of the wide field of engi neering and science. It is recommended that promising under graduate and graduate students be sought out and their apti tudes as potential teachers be appraised early in their schooling. If a student's interest is aroused in a teaching career, his study may be guided to embrace breadth of view and scholarly atti tude. Such a program should help to recruit and develop teach ers who will carry the responsibility of improving engineering education to meet the needs of the future. Care should be exer cised to avoid excessive inbreeding: heterogeneity of faculty back grounds is inherent in the very concept of a university.
The effective recruitment and retention of a qualified facul ty will require, in colleges of engineering, the establishment of a salary scale comparable to the income earned by outstanding practicing professional engineers as indicated by the published surveys of national societies. Accepted practices in establishing adequate faculty salary scales in the professions of medicine and law indicate that competitive situations must be met if professional education is not to stagnate. It should be recog nized that, in contrast with the situation in many academic fields, industry is inherently attractive to many of the best engineering minds. Unless the salary differential is minimized, a sufficient number of superior engineers will not be attracted to or retained in the teaching field, to the detriment of the whole profession, of industry, and of the nation.
In faculty recruitment, industrial or other experience is an important measure of professional qualification. However, one needs to look very closely at the nature and character of this experience to determine its relevance to engineering teaching. Of greatest significance is not the number of years of experi ence, or even the administrative responsibility that the individ ual may have carried, although these are not unimportant, but rather evidence of the use of intellectual qualities in profession al practice, such as creative design or development, including patents, and research contributions involving reports and pub lications, or other experience of an analytical or creative nature. One might appropriately ask the following questions. Can the potential teacher articulate his engineering work with the underlying basic science and engineering science? Has his work been such that it has kept his background of science alive or, better yet, in continuous development? Many practicing engi neers achieve results by the use of a kind of intuitive sense which, no matter how successful in practice, cannot be trans formed into organized knowledge that can be taught to engi neering students.
E. Development of a Faculty
Even though the environment and salary scale of an engi neering college may be such as to attract and retain an out standing faculty, the newer members of such a group will usu ally need guidance in the techniques of teaching. Their study of the ASEE Report on the Improvement of Teaching (Journal of Engineering Education, Vol. 43, No. 1, Sept., 1952) should greatly enhance the effectiveness of their teaching. The prima ry purpose of an engineering college is to provide effective instruction in subject matter through the stimulation and motivation of students, and it is essential that those selected to teach be trained properly for this function. Such instruction may be made more effective by proper organization of subject matter, by teaching elementary as well as advanced courses in a given field, and by teaching subjects in related fields. The teacher's own use of and insistence on the student's use of clear English, both oral and written, should be considered as an essential part of his teaching of any subject.
Although experienced teachers will generally perform more effectively than young instructors or graduate assistants, it is possible to achieve excellent results with the latter. Graduate student teachers usually bring into the classroom a youthful vigor, an enthusiasm, and a fresh point of view that are highly commendable. They may also lack professional judgment and maturity to such an extent that they may not give the under graduate student a sufficiently balanced kind of teaching. However, with careful selection and supervision of assistants and through course organization it is possible to provide com petent instruction by teaching assistants. The teaching assis tant must accept a responsibility as great as he would have in industry and should be asked to recognize his teaching job as a principal occupation, along with that of graduate study. Furthermore, teaching is a beneficial part of the educational experience even for those who later elect industrial pursuits.
Seminars, discussion groups, formal and informal confer ences between experienced and inexperienced teachers can all be used effectively for the development and growth of a faculty. Informality in such arranged programs has merit so long as it does not lead to irregular participation. To maintain interest, such programs must be varied in form from semester to semes ter.
It is important that faculty members set an example for their students by their membership and active participation in pro fessional and technical societies, by becoming licensed engi neers, by study of current literature, and by demonstrating interest in new developments and in research. Such leadership among faculty members is particularly necessary in institutions that are able to provide only limited opportunities for research, for leadership contributes an important element of vitality to teaching. The spirit of leadership that also creates in the stu dent a desire to lead is of the greatest importance. It can be developed by teachers who are men of stature, judgment, wis dom and tact. The ambition for leadership should involve ascendence in a technical field and a desire to serve society.
In engineering teaching, continual contact with the fore front of engineering and scientific progress is essential. Leadership in scientific and engineering progress has frequent ly stemmed from university research activities. The engineering teacher carries a responsibility to contribute to the advancement of knowledge through engineering research. The university must pro vide the opportunity to realize this objective in terms of time, facili ties, and assistance.
It is only when teachers of professional subjects are recog nized as experts that they have an opportunity to do consulting work. Hence, the ability to engage in such consultation is not considered to be a major factor in the recruitment of young teachers. Consulting practice should be considered as a means of developing and further strengthening an engineering faculty. Close association with engineering work or research in industry should stimulate the teacher and improve his teaching. Consulting is also a source of ideas for research. The limit upon the useful extent of this activity has not been determined. However, the belief is widely accepted that an average of one day per week of the individual teacher's time devoted to con sulting activity of a high professional character will reflect to the overall advantage of the institution.
F. Evaluation of a Faculty
Evaluation of the potential of prospective faculty members and of the achievement of the existing staff ranks with the development of a progressive atmosphere as a most important function of a university administrator. Systematic and regular methods of evaluation rather than haphazard ones are essential as a guide for recruitment and for making salary adjustments and promotions. Definite policies on termination of appoint ment for those who do not live up to their expected perfor mance are also necessary for proper development of a strong faculty.
It would be most desirable if this evaluation could be done on a quantitative basis, but the Committee is not aware of any systems which warrant recommendation for general adoption. The Committee suggests that there be more experimentation by individual institutions in the development of quantitative systems of faculty evaluation. Any evaluation system can serve only as a partial guide, since personal judgments must remain the most important factor. The Committee recommends that such quantitative systems as are developed be reported at meet ings of the Society and in the Journal. The success of some industrial evaluation systems indicates that there is hope for progress in this area.
The fact that evaluation of the progress of a faculty member must be based on judgment involving many factors indicates that administrators at each level should inform themselves of the viewpoints of their faculties before reaching these judg ments, realizing that there are dangers in judgments made by associates of the individual concerned. In particular, the faculty should be informed as completely as possible concerning the methods used in evaluation.
Evaluation, to be effective, should be objective, and it should include along with other factors all the items mentioned in the section on Qualification of Teachers, with emphasis upon:
1. The effectiveness of the individual's teaching based upon his knowledge of subject matter, intellectual capacity, judg ment, professional and personal stature, and qualities of per sonal leadership as shown in his ability to inspire students.
2. His productivity in research and other creative areas including new methods of presentation of subject matter.
3. His professional development as evidenced by progress in early years toward advanced degrees, by accomplishments in engineering practice, or by attainments and recognition as a scholar in his field. 4. His significant publications. 5. Evidence of his professional interest as shown by his activity in professional societies and in governmental and com munity affairs, and by his registration as a professional engi neer.
6. The nature and responsibility of his consulting services to other areas of the university and to outside organizations.
It is important that administrators periodically advise mem bers of the staff regarding their standing, particularly those members who should be encouraged at an early date to aban don a teaching career. Mere lack of promotion or of salary advances should not be assumed as a sufficient method of criti cism for individuals who are not developing according to the standards expected.
It is equally important to stimulate the good teacher by ver bal or written approbation, either for his general progress or for his special accomplishments. It is essential that those staff mem bers endowed with energy and enthusiasm combined with high technical ability that is applied in a creative manner be compensat ed in the fullest measure.
An adequate staff either in a departmental faculty that is responsible for a curriculum or in a major supporting group will have at least one teacher in every five who has attained professional distinction. Such individuals will (1) be conduct ing high-grade research of an engineering or education nature, or other creative activity, including publishing work of good quality, (2) be engaged in consulting work at a creative level, (3) be exercising leadership in scientific, educational, and pro fessional societies, or preferably, (4) be serving in a combina tion of such activities.
III. CURRICULAR CONTENT AS RELATED TO THE OBJECTIVES OF ENGINEERING EDUCATION
A. Instructional Goals
The ultimate goal of engineering education is the develop ment of able and responsible men fully competent to practice on a professional plane, especially those who will eventually lead the profession to new heights of accomplishment through creative practice or research. The student, not the curriculum, is the primary concern, yet the curriculum has an important influence on education. Before considering curricular compo nents, the instructional goals toward which they are directed should be examined.
The instructional goals of engineering education include helping the student to learn to deal with new situations in terms of fundamental principles, on his own initiative, with confidence and sound judgment. The goals should include motivation to keep abreast of the new developments in science and technology and to continue to grow intellectually in both professional and cultural areas throughout life.
In professional engineering practice the "new situation" often involves social and economic as well as technical ele ments, and these are not entirely separable. Thus the end result is not merely the numerical solution of a technical problem but is rather a decision based on a value judgment to which the quantitative technical result contributes one important ele ment. In fact, the significant problems involving engineering seldom occur in well-defined form. Hence, the initial stage of thinking is often an intuitive groping to identify specific com ponent problems. Their solution, in turn, requires the applica tion of thoroughly understood fundamental principles and well-ordered analytical thinking in defining the problem, plan ning its simplification without losing its essential nature, con ceiving a method of a attack, carrying the study through to a successful conclusion, and checking the results at each stage. This technical solution is then available to guide the engineer when he considers the broader social and economic aspects of the problem. His final decision will be influenced by the extent to which his perspective and judgment transcend purely tech nical matters.
Engineering educators must never lose sight of the broad issues with which large engineering problems are always associ ated, although the ability to deal effectively with such broad issues comes only with experience and maturity in the years after college. The importance of keeping such economic and social ideas before students by example can hardly be over emphasized. Such concepts should be encompassed even though the main effort at the undergraduate level is largely restricted to developing the student's ability to master the sci entific and technical aspects of engineering education. In what follows, therefore, these disciplines are emphasized even though they are but a portion, although a vital one, of the total education that the successful engineer acquires in college and throughout his subsequent professional career.
B. Assimilating New Scientific Material
The evolution of engineering curricula has been character ized by a continuous process of assimilation of new scientific and technological knowledge. Such innovations have necessi tated the development of new concepts or shifts to more fun damental and scientific approaches. It seems evident that the frontiers of science and technology are now advancing at a more rapid rate than at any previous time, and that many of today's frontiers will be reduced to significant engineering practice in the years ahead. Furthermore, these newly devel oped frontiers illuminate the older fields with new concepts and give them increased vitality. It is a responsibility of the engineer to recognize those new developments in science and technology that have significant potentialities in engineering. Moreover, the rate at which new scientific knowledge will be translated into engineering practice depends, in a large mea sure, upon the engineer's capacity to understand the new sci ence as it develops.
This translation of new scientific developments into engi neering practice will be facilitated by emphasizing unity in sci entific subject matter. For example, there is a great deal of sim ilarity, both in conceptual understanding and in analytical methods, among the generalizations of heat flow, mechanics of
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Journal of Engineering Education 79 fluids, electromagnetic fields, and vibration theory. When a student understands these generalizations, he has gained a con cept of systematic orderliness in many fields of science and engineering; he is therefore able to approach the solution of problems in widely diverse fields, using the same analytical methods. This unification of methods of analysis can be accomplished to a considerable degree without reaching beyond undergraduate mathematical levels. It can be accom plished to a much greater degree by utilizing advanced mathe matical concepts.
C. Breadth of Engineering Education
Looking at the subject of instructional goals even more broadly, one concludes that the engineer should be a well-edu cated man. He must be not only a competent professional engineer, but also an informed and participating citizen, and a person whose living expresses high cultural values and moral standards. Thus, the competent engineer needs understanding and appreciation in the humanities and in the social sciences as much as in his own field of engineering. He needs to be able to deal with the economic, human, and social factors of his pro fessional problems. His facility with, and understanding of, ideas in the fields of humanities and social sciences not only provide an essential contribution to his professional engineer ing work, but also contribute to his success as a citizen and to the enrichment and meaning of his life as an individual. Hence, instructional goals include motivating students and providing them with stimulating opportunities to gain under standing and appreciation of our historical and cultural her itage. This requires that the faculties of the humanities and the social sciences regard the teaching of engineering students as challenging and rewarding, and the engineering faculty mem bers adopt an appreciative and understanding attitude toward their colleagues in the liberal arts.
It is clearly recognized that many engineers progress into managerial and top executive positions in industry and govern ment. For such individuals the foundation should be laid in college for an understanding of human relationships, the prin ciples of economics and government, and other fields upon which the engineering manager can build. The foundation may be built more solidly in humanistic and social courses than in highly applied studies in management.
Education for the profession of engineering does not stop with the acquisition of a degree; it must continue throughout life. Hence, one of the significant instructional goals of engi neering education is to motivate the student to learn on his own initiative.
D. Curricular Areas and Content
The preceding discussion of instructional goals clearly indi cates that certain curricular areas are obviously basic to under graduate engineering education. These areas include mathe matics and the basic sciences, the engineering sciences, the application of these sciences to the analysis and synthesis of engineering systems within the student's major field, technical courses outside his major field, and humanistic and social stud ies.
The following paragraphs describe briefly the more impor tant components of an engineering curriculum and give a rough indication of the broad curricular content and approxi mate level that appear to be appropriate to an undergraduate curriculum. These paragraphs are not intended as a statement of rigid requirements, since the Committee recommends widespread experimentation. However, significant departures from these rec ommendations should be accepted only on the basis of clearly stated educational objectives.
E. The Basic Sciences
The basic sciences which make up the foundation of engi neering curricula are usually considered to include mathemat ics, physics, and chemistry. These studies and the level of instruction contemplated in each are discussed below. In gener al the basic sciences will total about one fourth of the undergraduate program.
Mathematics-Casual perusal of current professional jour nals is sufficient to show that all branches of engineering are continually becoming more dependent upon mathematics of an increasingly high level. In fact, engineering judgment is more and more often guided by mathematical analysis, and such analysis is rapidly expanding the demands it places upon advanced areas of mathematics. At the undergraduate level, competence is the theory and use of simple, ordinary differen tial equations and their application to the solution of physical problems lies close to the boundary of minimum acceptability of mathematics in any satisfactory engineering curriculum. For students who will be chiefly interested in research, develop ment, or the higher phases of analysis and design, or who con template subsequent graduate study in engineering, additional mathematics may be both desirable and necessary.
A minimum level of performance in mathematics should be established, whether it be obtained in required mathematics courses or in engineering courses. However, few engineering courses are taught in a manner to make a significant contribu tion to the student's knowledge of basic mathematics, nor is time available for this purpose. The engineering sciences and subsequent professional subject matter should be developed by making effective use of such mathematical proficiency and should be taught by staff members who have this proficiency.
Physics-Too often, physics as presently taught to engineers barely touches upon the many new physical concepts which have been developed during the past generation and which today strongly influence engineering practice. Modern physics, including an introduction to nuclear or solid-state physics, should be a part of undergraduate engineering curricula. As a contribution to making this presentation to engineers as effective as possible in a limited time, it is believed that the basic course in physics needs a new orientation. The duplication between classical physics and the engineering sciences of mechanics, thermody namics, and electricity can be largely removed if the objective of the introductory physics course is redirected to place much greater emphasis upon sub-microscopic phenomena and the conservation principles, with virtual elimination of semi-engi neering examples. An introductory course in physics that attempts to be a tool subject for engineering mechanics, ther modynamics, and electricity appears to serve less and less pur pose. When engineering colleges request physics departments to present an introductory course in atomic physics for large numbers of engineers, it seems evident that the introductory physics course will then have to be remodeled to provide the strongest possible background for this new objective.
Chemistry-Chemistry should include topics in inorganic, organic, and physical branches presented in condensed and general form. The initial study must prepare engineers to enter advanced courses in chemistry and in its applications to such fields as properties of materials, metallurgy, fuels and combus tion, corrosion, and industrial chemical processes. Hence, such subjects as rates and kinetics of chemical change, chemical equilibria, phase diagrams, solutions, electrochemistry, and colloids should be included. Careful coordination should also be effected between modern physics and chemistry. For studies beyond the usual freshman chemistry course it is felt that phys ical chemistry course it is felt that physical chemistry deserves the main emphasis.
F. The Engineering Sciences
An engineering science as defined here is a subject that involves largely the study of basic scientific principles as related to, and as related through, engineering problems and situa tions. Engineering science stems from two basic areas: mechanical phenomena of solids, liquids, and gases; and elec trical phenomena. A common practice is to subdivide these into the following six engineering sciences:
1. Mechanics of solids (statics, dynamics, and strength or materials).
2. Fluid mechanics. 3. Thermodynamics 4. Transfer and rate mechanisms (heat, mass, and momen tum transfer).
5. Electrical theory (fields, circuits, and electronics). 6. Nature and properties of materials (relating particle and aggregate structure to properties).
It is not necessary that this material be treated as separate courses. Experimentation should be encouraged to find the best way of achieving, with the available staff, the desired goal in a specific environment. It is not intended that the above shall be a complete list of the engineering sciences. It may be anticipated that other engineering sciences will develop; for exam ple, information theory shows promise of contributing to mea surement and control in all engineering fields.
Few existing curricula contain all six engineering sciences, despite wide agreement as to their basic desirability. It is evi dent that the engineer needs background in all of the six fields listed. Only after careful consideration and determination that the fundamental concepts are substantially covered in other studies at an equivalent mathematical level, should one of engi neering sciences be omitted from a curriculum. Alternately, there may be some curricula or engineering programs for which sciences other than those listed must be chosen, for example, a life science or an earth science. It should be possible to achieve the breadth, quality, and penetration desired by allotting about one fourth of the total program to the undergraduate study of engineer ing sciences.
In the study of engineering science, full use should be made of the mathematics, physics, and chemistry described in the section on Basic Sciences, recognizing that some repetition is a normal pedagogical necessity, but that it can be most effective only when consciously and purposefully used. Perhaps nowhere else can the qualities of a scholarly engineering faculty be employed so effectively as in the presentation of the engineer ing sciences with an appropriate mathematical understanding.
The Committee is aware that many present curricula do not contain adequate content in each of these fields. The Committee therefore stresses its position that the requirements for engineering sciences suggested above, as well as the requirements in basic sciences suggested herein, represent not only desirable goals, but the actual trend of future education for engineers. The suggested requirements are not intended to be taken as precise criteria for accreditation, although they are intended to be helpful in achieving higher standards for that purpose.
G. Engineering Analysis and Design
Education directed toward the creative and practical phases of economic design, involving analysis, synthesis, development, and engineering research is the most distinctive feature of engineering curricula. Such education intrinsically stems from the case method of approach, rather than from an orderly exploration of a given subject-matter field. Some experience in this "design" function should be carried in an integrated man ner through each semester of the last two years and may be begun earlier if practicable. Approximately one fourth of the total undergraduate program may be appropriately devoted to engineer ing analysis and design, including the necessary technological back ground
Among various mechanisms for implementing the case method are theses, projects, group operations, competition between groups, the use of realistic or unsolved problems, examinations on unfamiliar subject matter, and the synthesiz ing of a new device rather than the analysis of an old one. These case studies go far beyond and are quite different from routine repetitive features of practical design, the use of hand books, or the description of structures, equipment, or machines, including their construction, operation, and mainte nance. Such engineering art is learned more effectively from field experience than from college study. The capacity to design includes more than mere technical competence. It involves a will ingness to attack a situation never seen or studied before and for which data are often incomplete; it also includes an acceptance of full responsibility for solving the problem on a professional basis.
This portion of many engineering curricula demands close scrutiny and continuing active change. The major department sequences in many instances are dull and uninspiring, utilizing practices long outdated. These are areas in which newly devel oped concepts, analytical techniques, and measurements should be brought to bear. They should be taught by men who are making active contributions to engineering progress. For example, courses in Internal Combustion Engines are often largely descriptive in nature, and hence are essentially sub-pro fessional. They can be vital experiences in which the principles and advanced analytical techniques of mechanics of solids and fluids, thermodynamics, and heat transfer are used effectively; the nature of combustion; friction, and materials are consid ered; and creative thought and imagination are brought to bear in producing an integrated system. To do this is a difficult and challenging job, but a very necessary one. These observations apply with equal force to such subjects as Power Plants, Highway Engineering, Electrical Machinery, Chemical Processing, Extractive Metallurgy, etc., etc. It is important again to stress the necessity of utilizing fully in such studies the basic and engineering science training at the level which this report outlines.
H. Engineering Laboratories
The laboratory is the means of teaching the experimental method. It should give the student the opportunity to observe phenomena and seek explanations, to test theories and note contradictions, to devise experiments which will yield essential data, and to interpret results. Therefore, laboratories should be used where and only where these aims are being sought. The value of a set number of stereotyped experiments is question able. The development of a smaller number of appropriate experimental problems by the students themselves under effec tive guidance will have much greater educational value.
The art of measurement-including analysis of accuracy, precision, and errors-and the appreciation of the degree of accuracy economically justified, together with some under standing of statistical methods, are essential elements of labo ratory experience.
Laboratory reports, when restricted to a few per semester, present a major opportunity to develop skill in the written pre sentation of engineering information. Stereotyped reports are valueless in teaching the art of communication.
I. Non-Departmental Engineering Courses
Such courses as electrical engineering for non-electrical, heat engines for non-mechanics, etc., should emphasize funda mental ideas and principles and methods, rather than special machines or devices. The most important engineering background of the professional engineer, apart from his major field, lies in the basic sciences and the engineering sciences.
The study of engineering materials, including laboratory testing, is often scattered through several courses and can be coordinated to advantage. Increasingly, forward-looking engi neers are searching the recent advances in solid-state theory and chemistry for an entirely new and fundamental scientific approach to the study of the behavior of materials. This field appears to be almost ready for engineering conquest, and its development will bear very close watching by engineering edu cators.
Graphical expression is both a form of communication and a means for analysis and synthesis. The extent to which it is successful for these purposes is a measure of its professional usefulness. Its value as a skill alone does not justify its inclusion in a curriculum. The emphasis should be on spatial visualiza tion, experience in creative thinking, and the ability to convey ideas, especially by free-hand sketching, which is the normal mode of expression in the initial stages of creative work. Though the engineer may only supervise the preparation of the drawings required to execute his designs, he can hardly be expected to do this effectively unless he himself is thoroughly familiar with graphical communication.
Shop courses and all other courses emphasizing practical work that tend to displace engineering science in the curricu lum should be scrutinized critically in the light of the instruc tional goals already discussed.
J. Humanities and Social Studies
The goals of engineering education already outlined require for their achievement adequate attention to subjects in the humanistic and social fields. In addition to technical knowl edge and skill, the professional engineer needs to have some acquaintance with the subject matter of fields other than his own, with their influence upon the lives of men, and with their relationships to his own profession.
If the student is to be provided with a foundation upon which he may build a career of professional stature, his educa tion must help him to seek his fullest development as an indi vidual. This involves stimulating his imagination, instilling a respect for learning in all its forms, and creating an awareness of the great variety of ways in which man has sought order and meaning in the universe. College experience should facilitate the student's growth in ability to perceive significant relation ships, to make intelligent value judgments, to express himself with ease, clarity, and good taste, and to develop the qualities of character and personality requisite for a successful career.
To the attainment of these objectives both the technological and the humanistic divisions of the curriculum should con tribute as integral parts of one total program. It is a mistake to look upon technology alone as the productive component of the student's development and on the humanities as providing only the liberalizing elements in his pattern of growth. On the contrary, all of his courses of study, whatever their specific objectives in knowledge or skill, should be so designed and taught as to contribute toward the student's development as a truly educated man whose convictions, understandings, man ner, and speech are intimately related components in the fibre of his life.
To serve most effectively their objective of giving breadth to the student's understanding of the world in which he lives and of awakening his interest in the great ideas that have evolved during man's struggle toward a better civilization, courses in the humanities and social studies should help the student to arrive at a satisfying personal philosophy rather than to provide him merely with immediately useful technical knowledge and skill.
Selection of Courses-The fields of humanities and social studies from which some courses must be selected include his tory, economics, and government, wherein knowledge is essen tial to competence as a citizen; and literature, sociology, phi losophy, psychology, and fine arts, which afford means for broadening the engineer's intellectual outlook. The Committee has found no reason to disagree with the recommendations of previous ASEE Committees that about one fifth of the curricu lum should be devoted to humanistic and social studies.
Such non-engineering courses as accounting, management, industrial finance, marketing, and personnel administration may well be valuable components of a particular curriculum, but being essentially technical in content, they do not ade quately fulfill the main purpose of the program in humanities and social studies.
Motivating the student to learn on his own initiative is as much the aim in the humanities and social studies as it is in other parts of the curriculum. In the time available he cannot be expected to acquire a comprehensive knowledge of the sub ject matter of even one of the humanistic or social disciplines. He can, however, be given an understanding of the nature and function of some of the principal disciplines, together with an introduction to the methods of thinking likely to be most con ducive to further growth in these fields within the life experi ence of the student. The courses should be designed to liberate him from provincialism, whether geographical, historical, or occupational, and to give him a sense of the satisfactions that he can gain later in life by adventuring more deeply into the ares of critical and creative thought represented in the humani ties and social studies. His capacity to make sound qualitative judgments should be developed so that he may distinguished that which is good from that which is mediocre.
English-A word must be said here about English, which is both utilitarian and humanistic. Facility in expression, written and oral, is a professional necessity and an overall personal asset. Knowledge of literature and the ability to read with sym pathetic understanding are parts of a liberal education. English, therefore, has one root planted in the humanistic por tion of the curriculum, another in the technological. For devel oping skill in English usage sufficient for the professional engi neer, sole dependence upon specified courses is not enough. Adequate motivation is essential; it can be attained only by active efforts on the part of all teachers to point out the eco nomic and cultural rewards which will accrue to engineers who develop skill in the art of verbal communication. This requires personal counseling and sympathetic understanding of the stu dent's pre-college cultural background, as well as insistence on the highest attainable standards of performance in written and oral work in the engineering courses.
K. Realization of Broad Social Objectives
To realize the overall objectives of the undergraduate pro gram, a reasonable portion of the curriculum, such as a sequence of courses throughout the undergraduate years, should be allotted to formal courses in the humanities and social studies. But this, in itself, is obviously not enough. Members of the engineering faculty can make their own con tributions to the general education of their students by precept and example, by their attitudes toward the work of colleagues in fields other than their own, by their support of the various extra-curricular activities that help so much in the maturing of an undergraduate, and by being themselves responsive to a broad range of cultural interests. An engineering faculty mem ber who disparages the value of humanistic courses can hardly expect students who look to him as their ideal to enter upon such studies with enthusiasm.
Teachers on the liberal arts faculty should distinguish between the mission of developing scholars and conducting research in their own disciplines, on the one hand, and their obligation, on the other hand, to make available the knowledge and values that are significant for students majoring in other fields. This Committee believes that no effort to enhance the value of the humanities and social studies will yield greater returns than that devoted to bringing about a genuine commu nity of interest, better understanding, and more meaningful cooperation between teachers of engineering and those in the liberal arts. The whole field of engineering education is the joint enterprise of men in a variety of disciplines. For it to be effective and complete, they must respect and sustain each other.
L. Elective Courses
All too often present curricula leave no time for electives, either technical or humanistic. The Committee believes that pro vision for electives should be made to an extent of about one tenth of the program exclusive of ROTC. It also believes that there is an advantage in permitting some students to concentrate such elective study in science, while other students may choose elec tives largely in humanities and in social fields. The limiting of elective study to courses in the student's major engineering department is not consonant with the objectives being sought.
The Committee on Evaluation recognizes, as do most fac ulty members, that there is need for as much flexibility as pos sible within the framework of a given curriculum for each stu dent to extend his own interests. Some choice may exist in the sequence of social and humanistic courses, in the later courses in mathematics and science, and in the departmental sequence of work in engineering analysis and design. However, it is pri marily in elective courses that the student can best extend his interest toward his future professional activity. The objectives of engineering education are best satisfied when each student is given a free choice of options or elective courses, provided that the elected courses contribute to a planned objective.
M. Making Room for New Curricular Material
In this Report, several additions to curricula have been rec ommended without suggesting corresponding deletions. More emphasis on fundamental science, on engineering science, and on the broad humanistic and social areas has been recommend ed than is contained in most engineering curricula. This does not imply that the engineering student needs to be worked harder. Indeed there is considerable doubt as to whether there is any margin of student time left. Four possibilities for achiev ing these additional, important objectives are listed below. Each school, no doubt, will wish to choose its own methods, recognizing that those suggested are of varying degrees of prac ticability to each institution.
These four are as follows: 1. Raise the requirements for entrance. This might entail: a. More adequate high school preparation. b. Higher selectivity.
Continuing encouragement should be given to high schools to raise their standards and to give appropriate training to college-bound students, including engineering students. However, it is doubtful whether engineering educators can realistically entertain serious hopes for substantial gains from this source over any short period of time. One ray of hope lies in the summer programs for high school science teachers that engineering schools, with cooperation of industry, have been offering. Although higher selectivity would permit a more rapid rate of academic progress, it would decrease the number of applicants at the very time when national welfare calls for the reduction in the present shortage of engineers.
Increasing the effectiveness of instruction is a process more or less continuously under study by many faculties. Newer, simpler ways of looking at complicated phenomena and their analysis evolve continually in the minds of an alert faculty. Profound understanding of a topic is often accompanied by the ability to give a clear and simple statement. One contribution of our graduate schools to the development of undergraduate education should be a continuous simplification in methods of presentation of subject matter to undergraduates.
Elimination of Curricular Material-Elimination of material now in the curriculum, likewise, is an accepted practice in rapidly growing fields. Two kinds of material can well be looked at with a view toward possible elimination. Unduly rep etitious material should be eliminated. Conscious repetition, carefully designed as a pedagogical instrument, may be used but not to the extent that it detracts seriously from student interest. Other areas due for close scrutiny, with a view toward possible elimination or reduction in time, are those courses having a high vocational or skill content and those primarily attempting to convey engineering art or practice. Some atten tion to engineering art and practice is necessary, but its high purpose is to illuminate the engineering science, analysis, or design, rather than to teach the art as engineering methodolo gy.
A review of the evolution of engineering curricula over many years shows a trend toward increasing emphasis on the science underlying engineering at the expense of the study of engineering art for its own usefulness. This trend would appear sound for application in the present dilemma.
Thus, the Committee feels that the most promising possi bilities of finding time for increased emphasis on fundamental science, engineering science, and humanistic or social studies are (1) elimination of some of the present curricular material and (2) increased effectiveness of instruction. If these criteria for elimination of material of a high vocational or skill content are applied rather forcefully by engineering faculties, it is felt that opportunity will be found within the usual time limits to increase basic studies as indicated in this Report. This will not be achieved, however, by repair of patchwork curricula. It requires complete reconstruction of curricula.
The Committee, after careful consideration, takes no posi tion with regard to the length of the program. It believes, how ever, that further experimentation is called for in all four of the means suggested for introducing new curricular material.
IV. EVOLUTION OF ENGINEERING CURRICULA
The great changes in physics and chemistry over the past thirty years and the equally great advances in engineering prac tice do not seem to have produced an equivalent counterpart in a reorganization of engineering curricula. A group of industrial advisors to the Committee has pointed out that the problems in production and manufacturing are now demanding greater and greater scientific background for engineers. As one exam ple, emphasis was placed upon automation as a current prob lem of the machine designer. The need for such instruction is critical in certain industries, and several of these offer such courses to their personnel. If this is generally true, engineering education may be a decade late in giving emphasis to electron ics in the curriculum of mechanical engineering or in teaching applied electronics as part of machine design.
A. Unchanging Factors in Curriculum Design
It is relatively easy to look backward and recognize changes; it is more difficult to visualize what lies ahead. After facing many questions regarding the future of engineering practice, one is likely to conclude that the teaching of practice, as it exists today, will always be of limited use because the graduate is certain to find practice changing from year to year. And, as a matter of fact, the engineering art taught in colleges will nor mally reflect practice that is already obsolete in part, since the teacher's knowledge of practice becomes rapidly outdated.
But fortunately, some things do not change. Reactions, stresses, and deflections will still occur, and they will have to be calculated. Electrical currents and fields will follow unchanging laws. Energy transformation, thermodynamics, and heat flow will be as important to the next generation of engineers as to the present one. Solids, fluids, and gases will continue to be handled, and their dynamics and chemical behavior will have to be understood. The special properties of materials as depen dent upon their internal structure will be even more important to engineers a generation hence than they are today. These studies encompass the solid, unshifting foundation of engi neering science upon which the engineering curriculum can be built with assurance and conviction.
B. Attitudes of Engineering Faculties
The problem that faced the Committee on Evaluation of Engineering Education soon after its organization was to think through the implications of the steadily increasing importance of the engineering sciences upon curriculum design and upon faculty, students, and employer relations. The questions to be answered were of the following nature. Would faculties believe that much stronger emphasis upon the engineering sciences and the basic sciences will produce only research men? Would the employer be pleased with graduates of such programs or would he prefer men able to earn their salary immediately upon graduation without special job training? Could students under take a more scientific program without excessive failures?
Not knowing the answer to these questions, the Committee suggested in its Preliminary Report the concept of bifurcation as a possible means of transition from the present curricula, which are largely of the general professional category, to the strong scientifically oriented curricula that it visualized as being required for an unknown, but in no sense negligible, percent age of future graduates. As defined in the Preliminary Report, the scientifically oriented curriculum included increased emphasis upon mathematics and physical science, the engi neering sciences as previously described, and a two-year sequence of courses in engineering analysis, design, or the study of engineering systems.
The discussions of the Preliminary Report which were for warded to the Committee by the colleges of engineering estab lished a reasonably clear viewpoint. This consensus of engi neering faculties consisted of three parts: (1) a strong support for higher standards of accreditation for engineering education but not for designation of especially meritorious curricula, (2) a nearly universal institutional reaction that engineering curricula should not be subdivided into two functional stems but a recognition of the usefulness of functional variation at the top, and (3) a growing desire for a deepening and broadening of basic science content throughout all engineering curricula.
C. Viewpoint of Employers
After receiving this expression of attitudes from the engi neering institutions the Committee determined to learn some thing of the viewpoint of employers. At a meeting in Atlanta, Georgia in February, 1954, seven of the largest employers of engineers were invited to advise the Committee. These organi zations employ all types of engineers in all functions from research to sales and construction. In fact, most of the organi zations represented employ only a small fraction of their engi neers in research, development, and design. On the average less than twenty-five per cent of their engineers work in these fields. One company has most of its engineers employed in operation and another in manufacturing. A third has one of the largest construction organizations in the country. Several employ nearly one half of their engineers in sales. Nevertheless, the industrial representatives who were present concluded that they would prefer nearly all of their engineers to be trained in scientifically oriented curricula.
The industrialists emphasized that their sales, manufactur ing, operation, and maintenance engineers need strong scien tific backgrounds just as much as do their research and devel opment engineers and their designers. They were unwilling to sacrifice courses in engineering sciences to provide time for the study of technology or administration at the prebaccalaureate level, since they believe that these can be obtained under com pany sponsorship when needed.
Initially the industrial advisers to the Committee represent ed only large employers. Therefore, the Committee requested one of the companies to make a survey of a number of smaller organizations at the operating and manufacturing level. The returns indicated no criticism of the technical competence of engineers but raised questions concerning (1) the adequacy of their background in basic science, engineering science, and humanistic fields and (2) concerning their capacity for effective communication. This reaction with regard to the inadequacy of basic science and cultural background was essentially unani mous.
D. Abilities of Engineering Students
The Committee on Evaluation has also given consideration to the question whether a stronger emphasis upon basic science and engineering science would lead to increased failures in completing engineering curricula. Some who have experiment ed in this direction give assurance that this common assump tion is not necessarily true. The best authority to the effect that engineers can handle additional work in basic science and engi neering science without undue difficulty lies in the results of national tests. These indicate that at both the undergraduate and the graduate levels, engineering students show the same high level of mental ability as students of the physical sciences. It seems reasonable to conclude, therefore, that the principal groups of engineering students will prove able to complete whatever type of curriculum the profession of engineering con siders necessary preparation for its prospective members.
E. Opportunity for Scientifically Oriented Curricula
The consideration of curricula cannot proceed wholly on a philosophical or qualitative basis but must eventually be approached quantitatively in semester hours or at least in terms of fractional percentages of the total program. The Committee on Evaluation, in order to clarify for itself the practicability of its suggestion that curricula of the usual type can be designed with an enhanced scientific orientation, has developed for con sideration the broad outline of scientifically oriented curricula. It intends this skeleton curriculum to be considered as sugges tive rather than restrictive. The great need of engineering edu cation at this time is for experimentation with, rather than standardization of, curricula.
In defining an engineering curriculum the Committee on Evaluation has first indicated the need for mathematics through differential equations; however, another application of calculus, such as mathematical statistics and probability, might fit more effectively into industrial or sanitary engineering. Nevertheless, for many existing curricula this means at least one additional course in mathematics. The recommendation that physics should be extended through an introduction to modern physics will require more than the usual eight semester hours of sophomore physics, even though some time may be saved by elimination of problems involving semi-engineering applications. There is a growing belief that some acquaintance with organic chemistry and a working knowledge of physical chemistry is essential to all engi neers and that this objective can not be accomplished within the usual course in freshman chemistry. For most curricula these changes in mathematics, physics, and chemistry would probably require a total of at least six semester hours of addi tional study.
The second major factor in the original definition of scien tifically oriented curricula included nine engineering sciences in sufficient strength to justify their separate listing. These have now been regrouped into six engineering sciences: (1) mechanics of solids (statics, dynamics, and strength of materials), (2) fluid mechanics, (3) thermodynamics, (4) transfer and rate mecha nisms (heat, mass, and momentum transfer), (5) electrical the ory (fields, circuits, and electronics), (6) nature and properties of materials (relating particle and aggregate structure to prop erties). These titles should be regarded as generic and broadly defin-itive rather than as representative of courses now being offered. In regrouping the engineering sciences into six categories, the Committee made no reduction into the minimum time consid ered appropriate for their study, which represents one quarter of the engineering curriculum.
The third major element in the definition of an engineering cur riculum is that it must contain an integrated sequential study. By this is meant that mathematics and the basic science shall be used proficiently in the courses in engineering science and that the latter, in turn, shall be used proficiently in engineering analysis, in the study of engineering systems, and in the prepa ration for creative design work. For the scientifically oriented approach it seems desirable that analysis, synthesis, and cre ative design cover four successive semesters at an intensity to be represented by five or six semester hours per semester.
In addition to basic science, engineering science, and engi neering analysis and design, allowance may be made for a min imum three-credit-hour humanistic or social science course each semester for at least seven or eight semesters and also for a small amount of required technology. The general outline of any scientifically oriented curriculum may therefore be described in five blocks of courses under the following head ings: humanistic and social studies, mathematics and basic sci ences, engineering sciences, engineering analysis and design, and electives.
It will be noted that the fractions given do not total exactly one-hundred per cent. Hence, it should be evident that the Committee does not desire this suggested distribution of emphasis to be restrictive. There will be many reasons for vari ations among institutions and among departments of a single institution. Experimentation is strongly encouraged. In the above table, items (1) through (3) consume about seven tenths of the curriculum. They define an area of com mon orientation which the Committee regards as essential to a unity of understanding by students in different engineering fields. There is no reason why such unified understanding can not be achieved by somewhat different courses, with different instructors. It will not be achieved, however, if technology is substituted for basic and engineering science or if courses with names from fields of engineering science are presented merely as a necessary sideline to the objective of teaching current prac tice.
The Committee's interest in the curriculum outline above is centered in: (1) the indication that the concept of four-year curricula with scientific orientation is practical (2) the indica tion that considerably more than the usual "common freshman year" is an evolutionary result that could accompany scientific orientation of curricula if desired, (3) the opportunity present ed by elective study for meeting the interest orientation of stu dents and the functional needs of engineers engaged in research and design as well as in management and construc tion.
V. SPECIAL FACTORS THE INFLUENCE UNDERGRADUATE EDUCATIONAL ACHIEVEMENT
A. Student Selection and Advanced Standing
It is recommended that high school students interested in engineering be encouraged to prepare themselves adequately for engineering work in high school by developing proficiency in the use of English and mathematics and by gaining an understanding of science, particularly physics and chemistry. A most effective way of so encouraging these students is to make proper adjustment in the work required of them in engineering schools. This may be done by allowing college credit for previ ous work, or, if this is undesirable, by making the credit hours required for graduation flexible and dependent upon the prepa ration and skills of the entering student. A student should not be required to repeat work in college if he is adequately pre pared by work already covered or by proficiency previously acquired in high school or elsewhere; instead he should be allowed to proceed into more advanced work. When so excused from taking a specific course on the basis of previously developed proficiency, he should not be required to substitute other work not demanded of other students, for this require ment always discourages students from presenting advanced work for entrance. However, proficiency should be determined by examination and should not be assumed because of the acquisition of high school units beyond those required normally for admission.
Requirements for admission to an accredited engineering curriculum must of necessity be rather rigorous to insure ade quate capability of the student to pursue engineering studies in an orderly and effective manner. The Committee, therefore, recommends the following minimum requirements for admis sion:
1. Graduation from an accredited secondary school, or demonstrations of equivalent education.
2. Demonstrated capacity for satisfactory achievement in engineering.
It should be recognized that the minimum requirements listed above impose great responsibility upon directors of admission for proper selection of students for engineering col leges, especially when the availability of required courses in the various high schools is taken into consideration. Such students should normally accumulate at least three units of English, four of mathematics, and at least one unit of physical science if they are to make satisfactory progress in engineering schools whose curricula are organized on a high professional level. Furthermore, unless suitable screening techniques are applied, such students should stand in the upper quarter of the overall integrated group of high school graduates. It is suggested that pursuit of vocational courses should be discouraged as prepara tion for engineering and that not more than two of the sixteen units for entrance should be considered from drawing, shop, or other vocational work. Additional background in mathematics, science, and humanistic and social courses is of far greater ben efit to the student.
The Committee also recommends that colleges should: 1. State their requirements for admission clearly.
2. Elect to admit students with deficiencies only when there is strong evidence to indicate probable success in engineering and always state clearly what those deficiencies are and how they may be removed.
3. Maintain records of criteria used to determine admission. 4. Use such records to improve the screening process. Students transferring from accredited junior colleges, liberal arts colleges, or other engineering colleges should be admitted on a provisional basis; the final transfer of their credits should be delayed until their subsequent records indicate maintenance of the achievement level required for graduation. A realistic evaluation of credits presented for advanced standing should be made on the basis of course content or a proficiency examina tion rather than on an inflexible basis of equivalent credit hours.
B. High School-College Articulation
As preparation for engineering education there is no substi tute for scholarly levels of instruction in high school with ade quate emphasis upon developing both interest and reasonable proficiency in mathematics, English, physics, and chemistry. The Committee on Evaluation believes that a great deal can be done to improve the scholarly quality of education offered in the high schools. This can best be accomplished by developing close working-relationships between engineering colleges, high schools, and ECPD guidance committees at the local level. The ECPD Committee on Guidance should be encouraged to extend its activities in this direction. Some engineering colleges have developed conferences and educational programs, jointly participated in by high school and college teachers. Several industries have provided the financial support for such educa tion programs. These programs can be highly effective in giv ing high school teachers an insight into the nature of the scien tific and mathematical preparation which is needed by students who plan to study science or engineering in college.
In order to encourage high school-college articulation, it is recommended that a study be undertaken by ASEE in cooper ation with professional and industrial groups and societies rep resenting mathematics and the pure sciences for the following purposes:
1. To determine specific techniques for identifying, encour aging, and developing those high school students who have aptitudes for engineering or science.
2. To determine methods for developing adequate study habits and a suitable level of performance in reading ability for those students planning to attend college.
3. To develop specific techniques of reaching high school faculties and administrators in order to enlist their cooperation in a constructive program to improve the quality of high school preparation particularly in mathematics, physics, chemistry, and English. 4. To determine, at each university engaged in teacher training and having a college of engineering, ways of providing advance study as part of high school teacher education that would make such teachers more proficient instructors in the subjects necessary for admission to engineering. 5. To develop specific techniques for presenting these prob lems and their possible solutions to high school administrators, teachers, and the general public.
C. Providing Opportunities for Gifted Students
Leading engineering educators have long felt that the stan dardization of engineering curricula in the United States has provided too little opportunity for outstanding students with creative talents to develop these capacities at the greatest possi ble rate. Most courses are organized to proceed at a rate that can be followed by the average and, commonly, by the below-average student. At some place in the undergraduate program there should be an opportunity to break this "lock step" and permit the student full play of his intellectual and creative powers.
The Committee is aware of three possible methods for pro viding such opportunities. The first is the special curriculum, designed both in content and in method of administration to challenge adequately the exceptional group at the top of a class. The second method is that of permitting the exceptionally able student to elect his program widely with due precautions against excessive specialization; to carry as heavy an academic load as experience indicates he can handle; and, in general, to let him build out of the courses that may be available, includ ing in special cases appropriate graduate courses, a program that stimulates and challenges him. The third method, and the one that philosophically has the greatest appeal, is that of giv ing the student a great degree of personal freedom to study individually under general supervision and guidance in whatev er way appeals to him as being most effective in his individual case. Combined with this, of course, must be a rather infre quent but very searching examination designed to provide an overall measure of his accomplishment and to test his level of understanding in a broader and yet more penetrating way than the usual term examination.
The first and second methods-that is, the special curricu lum for a gifted group and the individually elected curriculum, respectively-are in regular practice at various institutions in the country. Any adviser, if he is given freedom to adjust the curriculum, can adopt the second method whenever he recog nizes among his students one who is capable of benefiting from such a program. While the results of such procedures are extremely difficult to measure with any degree of certainty, the evidence is not unfavorable.
In the case of the third type of program, however, experi ence in engineering in this country has not been conspicuously convincing. One difficulty is that, given a large measure of freedom as to place, method, and program of study with only the most general sort of restraint in the form of comprehensive examinations at the end of one-or two-year periods, very few students will absent themselves from rather regular classroom exercises if these are handled in a reasonably interesting and inspiring manner. Class exercises are an exceedingly effective way of acquiring basic, scientific disciplines. Other students who take seriously the admonition to study independently have often found that they lacked the necessary self-discipline to achieve the same intensity of intellectual effort and actual accomplishment as that achieved by the regular students. This has sometimes been revealed disconcertingly when such a stu dent has later been faced with the searching doctoral examina tion in which demonstrations of relatively elementary ideas, but at a profound level, have been required. The student who has enjoyed complete freedom under general guidance has often failed to acquire the degree of exacting mastery of basic principles that is expected.
The brilliant student who becomes the personal protege of a wise and able professor, however, may attain extraordinary achievement under a free program. This rather rare student is obviously an exception to all rules, and the perceptive and wise faculty member will break many rules in order to allow him to develop his own initiative and ideas. Such students will set their own courses in life, faculty members notwithstanding, and they do not constitute the problem being considered here. The adequate social development of such individuals, however, may be a serious problem. Intellectual development and social development are interrelated; hence, one cannot be accelerated and the other ignored.
It is, therefore, the rather select group found in the top ten per cent of a good class with whom faculties should be more concerned. There are, of course, many ways in which the monotony and tedium of the highly organized classroom course can be relieved for these students. The privilege of join ing faculty societies of scholars should provide exhilarating motivation in this direction. Such students should be given individual encouragement that will help stimulate them to something beyond the ordinary performance. In the United States there is a great need for continued experimentation in the search for the solution that apparently is still to be found for this important problem. The European solution, although excellent in its natural setting, has not proved susceptible to direct transplantation to this country. The strongest encour agement should be given to those teachers and administrators who would like to experiment in increasing the responsibility of gifted students for their own education.
VI. FOREIGN STUDENTS
The foreign student brings both assets and problems to an engineering school in a ratio that can be greatly influenced by wise administration. Also, our world obligations place a responsibility upon us to make the foreign student's experience valuable to him in terms of the problems and opportunities he faces when he returns home.
Credentials of foreign universities are often difficult, if not impossible, to evaluate in terms of American standards of admission. Hence, internal placement examinations are some times necessary. There are difficulties the foreign student expe riences in adjusting himself to the university in terms of lan guage and cultural tradition. Insistence upon reasonable facility in conversational English is, therefore, essential. There may also be serious financial problems.
The foreign student who is well prepared is likely to be well advanced in theory but inexperienced in laboratory procedures. Sound programs for such as student will recognize these facts.
A. ROTC Credit
The Engineering Colleges recognize their obligations to the nation to train through the mechanism of ROTC a supply of future officers for the Armed Forces. It is believed that this should be accomplished without compromise with the basic educational concept developed in this Report.
The Military Affairs Committee of the ASEE, at the request of the Committee on Evaluation of Engineering Education, made a survey to determine the credit being allowed currently for advanced ROTC courses and what credit was considered reasonable. The replies made it clear that the majority of engineering colleges do not recognize advanced ROTC as an appropriate substitute for engineering courses. However, an average of about six credit hours is being accepted as a substitute for humanistic and social studies. More than fifty per cent of the engineering colleges do not allow credit for advanced ROTC as a substitute for engineering courses, and about twenty-five per cent do not allow credit toward human istic and social science courses.
The Committee on Evaluation recommends that no credit be allowed for advanced ROTC courses as a substitute for engineering courses. The Committee also looks with appre hension upon appreciable substitution of ROTC credit for humanistic and social studies. Although the context of certain ROTC courses may involve geography and government, fun damental differences exist between these courses and those offered in the humanities and social sciences.
The major differences in course objectives, course organiza tion, and qualification of instructors are valid reasons why the ROTC courses generally cannot contribute in a major way to the professional and liberal education of an engineer as do the other courses in the curricula. Ideally, no substitution of ROTC credit should be allowed either for engineering courses or for those in the humanities and social studies. As a practical matter it is urged that substitution of advanced ROTC credit for humanistic and social studies alone should not exceed one quarter of the total credit allotted to this area. Experiences in a wide range of institutions demonstrate that the advantages to the student of ROTC training are sufficient to attract his enrollment with out diluting his professional and cultural education through granting academic credit for ROTC beyond the amount pro posed.
VII. GRADUATE STUDY IN ENGINEERING
The growth of graduate study in engineering in the past two or three decades has been remarkable. Both statistically, and in the minds of those concerned with engineering education, graduate study has become an element of such major impor tance that it necessitates serious attention in any evaluation of engineering education.
The need for post-baccalaureate study by those who are to advance our highly complex technology is generally recognized. The four-year program, even with increased scientific empha sis, simply cannot provide the depth and breadth of scientific foundation and the background for creative thinking in design which are needed. The need for graduate education varies with the rate of advance in the use of science characterizing various fields of engineering; it is greatest in those fields in which this rate is most rapid or to which science can contribute most directly. Industry places a substantial value upon graduate education, as indicated by recruiting efforts, salaries, and advancement to positions of high degrees of responsibility. Furthermore, as is implicit in this Report, engineering education must be based more and more on a profound knowledge of the basic sciences and so will require that an increasing proportion of its teachers will have the benefit of advanced graduate education. It is obvious, therefore, that educational institutions with adequate resources to support good graduate work in engineering have not only an opportunity but also an obligation to attract and develop as many well qualified graduate students as possible. Those edu cational institutions which operate solely on the undergraduate level have also an obligation to participate by preparing and encouraging their students to take graduate work elsewhere. Many small schools have made impressive records in furthering graduate education in this way. Even institutions having well developed graduate programs should encourage their better students to enroll in other similarly qualified institutions for graduate study because of the educational advantages to the student of new scholastic environments and different personal ities among their instructors.
It is traditional for institutions of higher learning to serve two ends: disseminating and extending learning-that is, edu cation and research. It is common to distinguish three separate yet closely related activities: undergraduate education, graduate education, and fundamental research. When these are main tained in adequate balance and properly correlated, each can enormously strengthen the other two. One kind of correlation that is very effective is attained by having faculty members who wish to engage in all three activities.
A. Objectives of Graduate Study
Although one conception of the purpose of graduate study is that of increased specialization in a narrow field, the Committee feels that a broader conception, developed as dis cussed below, is more significant. For example, the topics in organic and physical chemistry or in solid state and nuclear physics, which seem so essential to one "specialized" graduate program in engineering, will be almost exactly duplicated in many others. Graduate study in engineering thus has a broad common base in science and mathematics. Such concentration as may be desirable, for example on a thesis, should be under taken with the objective of developing breadth of understand ing and capacity to solve difficult problems. Naturally the stu dent who studies intensively in one particular field possesses a ready skill in this special area which may have immediate utili ty. Such facility, however, has only a temporary value without the overall intellectual growth through which the individual can master new techniques in any of numerous fields. The acquisition of techniques is, therefore, incidental in graduate educa tional experience, the deepening of insight and understanding, and the development of the stronger intellectual and scientific founda tions that are required for real mastery of the field involved.
Hence, the objectives of graduate study in engineering are the development of (1) a more general and fundamental under standing, not only the sciences specifically underlying a partic ular field, but also of those underlying related fields; (2) more general and more powerful methods of analysis; (3) capacity to read with understanding the advanced work, classic and con temporary, through which the field is advancing; and (4) courage, imagination, and technical capacity to make new advances and to know the methods, as well as the failures and successes, involved in such advances.
A recognized objective which is being implemented at a few institutions is that of continuance of general education outside the fields of engineering and science at a serious and mature level. This is particularly important for those who expect to become engineering teachers. The growing broad responsibili ties of all engineers further justify increasing attention to this objective. Culture can, of course, be acquired by penetrating self-study in a variety of fields or assimilated by close associa tion with scholars. Its acquisition is seldom neglected by those who are regarded as leaders in their own fields, nor can it be by those who would live a complete life.
B. Requirements for a Strong Graduate Program
The essential requirements for a strong graduate program are few, simple to state, but difficult to achieve. They are: (1) a specially qualified faculty, (2) students of superior ability, and (3) adequate administrative and financial support. Without each of these requirements, graduate work worthy of the name is impossible. Given these characteristics, such elements as cur riculum, requirements for degrees, laboratory facilities, sustain ing research programs, library, student housing, associations with the leading national and international centers in the field, and intercourse with related and underlying fields of learning and research can be expected to evolve. Each of these three requirements is examined in some detail below.
The Graduate Faculty-To an even greater extent than in undergraduate education, an outstanding faculty is the single most important requisite for successful graduate work. As emphasized in the section on the Selection and Development of an Engineering Faculty any good teacher must have drive, enthusiasm, judgment, and a sincere interest in the develop ment of men. Although it is not possible to draw up a set of rigid specifications for a graduate faculty, the following charac teristics are among those common to many outstanding gradu ate teachers in engineering:
1. A creative talent and receptiveness to new ideas which manifest themselves in the constructive use of new knowledge.
2. A fundamental and critical understanding of one or more fields of engineering.
3. An ability to relate knowledge and experience in one field to a total concept involving many fields of endeavor. 4. A high intellectual capacity and an insatiable desire to learn and to understand. 5. A profound understanding of the basic sciences, includ ing mathematics, as they relate to engineering.
The full development of the qualities listed above means that the successful graduate faculty member is either actively contributing to the frontiers of knowledge or is engaged in applying new knowledge successfully to the solution of chal lenging situations. The graduate faculty member should enjoy teaching. He must desire to transmit his ever growing knowl edge and understanding and urge for intellectual growth to young people. In his teaching, however, he should deal with students as colleagues, rather than as pupils, whether in the classroom, office, or laboratory. This obligation to the student cannot be fulfilled properly unless the teacher is doing creative work.
The strong faculty is composed of a group of men of diverse talents and interests who are dedicated to the overall objective of providing the stimulation and environment for the profes sional growth of themselves and their students. This is desir able, but the nature of the tasks and attitudes in teaching advanced subjects must necessarily be somewhat different from those in undergraduate teaching.
The graduate faculty deals with a student body comprising a selected group of the best students who have completed an undergraduate course of study and have indicated a keen inter est in preparing themselves for high-level professional work. While many such students are interested in research, develop ment, and creative design, the rapid growth of technology is also creating demands for men trained at the graduate level to employ greater understanding in the solution of problems in the area of production, management, etc. There is good evi dence that the best graduate education for these differing func tions in engineering is one that will develop the intellectual capacity of the individual rather than high specialization toward a given functional objective.
Faculty-Student Relations-Because of the close associations that are typical of graduate work, graduate teachers have an opportunity to know their students well and to provide the individual inspiration and leadership that is an essential part of the graduate environment. Moreover, this relationship properly used insures that the student is impelled to take the initiative and to work on his own or as a full-fledged partner without undue assistance. Nevertheless, the wise teacher recognizes the great transition involved in movement from undergraduate to graduate study and accepts responsibility for exerting the skillful leadership needed to bring the student quickly to the stage of inde pendent study.
Though interested in developing student competence and enthusiasm in his own field, the good graduate teacher stimu lates student interest in many fields. Such teachers are on the alert to detect evidence of imaginative and creative thought and to give encouragement and support necessary to bring such ideas to full development.
The Graduate Student-A faculty having the requisite abili ties for conducting a graduate program will insist that the graduate student body be intellectually and temperamentally qualified for graduate level work. First-rate graduate work makes substantially greater intellectual demands than under graduate work. It also demands more in imagination, in self-reliance, and in capacity for independent work under less specific guidance.
Because of the greater dependence of success upon centered interest and intellectual outlook and character, the selection of graduate students must depend upon individual appraisal. Certain general guides are, however, widely used. Not all of those who receive a baccalaureate degree are normally regarded as qualified for graduate work. In general, experience indicates rather marked correlation between a student's standing relative to his undergraduate classmates and his subsequent perfor mance in graduate work. A very large percentage of the quali fied engineering graduate students will have been top-quarter undergraduates in their field, though this rough criterion will vary somewhat with the rigor of the school and with individual student development. The majority of good doctoral prospects will lie within a much narrower fraction, perhaps the top tenth or less, but those students who make top grades by rote learn ing in an undergraduate program may still be poor prospects as graduate students. The attitude that most students deserve a chance at graduate study is inimical to the intellectual objectives to be achieved and may be damaging in its effect upon those who are qualified for graduate study as well as those who are not.
Selection of graduate students is a relatively straightforward process for a faculty having high intellectual standards and the courage of conviction regarding these standards. Good stu dents can be selected, however, only after they apply for gradu ate study. In order to encourage the best students toward grad uate work, the great need is to provide the undergraduate stu dent, preferably at the junior level, with adequate information about graduate opportunities and requirements and also about the advantages or disadvantages of graduate study as a means of attaining professional stature. Our best qualified undergrad uate students repeatedly undergo a skilled, persuasive presenta tion of the opportunities available to them in immediate employment. They should have an equal opportunity to know and to examine carefully the available alternatives.
Stipends for graduate students should be increased to a level more competitive with advancing engineering salaries and should reflect the fact that present-day graduate students often have dependents. Employers of engineers must understand that they have a very great stake in increasing the number of graduate students, even though they may lose in the number of immediate employees, and even at the cost of competitive graduate or research fellowships that only they can provide.
Administrative and Financial Support-No graduate school can be successful without the full support of the administrative officers. To be able to provide such support, the administration must have full knowledge of the special problems created by the existence of a graduate school. As at the undergraduate level, the administration has the responsibility to build a strong faculty, to encourage the attraction and selection of qualified students, to provide adequate facilities, and to create a favor able intellectual climate.
The job of building a strong graduate faculty composed of men with the necessary attributes and competencies is difficult, never ending, but not impossible. A competitive salary scale for a graduate faculty is imperative. Creative talent is always in greater demand than supply. In addition, proper facilities must be provided and a favorable environment developed so that men may pursue those activities of research, development, and creative design which mark the life of the graduate school teacher. Such facilities include laboratories, adequately equipped; the various service facilities; and an adequate library. Facilities for students, including desks and laboratory space, and housing where necessary, must be provided.
Last and perhaps most difficult of all, the administration must itself have the spirit of dedication to the advancement of knowledge without which no graduate school can become real ly great. Such a spirit is reflected in an ability to recognize:
1. That in evaluating teaching loads account must be taken of the greater time required for preparation of graduate sub jects. Graduate courses should be under constant change with new knowledge being fed in as soon as it becomes available.
2. That research, development, and creative design, which demand a major portion of the professor's time, are part and parcel of the graduate teaching job.
3. That the supervision of thesis research is time consuming even though it is also a rewarding educational duty.
4. That the best graduate programs are based upon the strength of particular faculty members rather than upon any fixed curriculum content.
5. That a strong graduate engineering program requires equally strong independent programs in the basic sciences.
To meet the above responsibilities involves an annual cost per student from two to ten times as great as that required to educate an undergraduate. No school of engineering should consider insti tuting a graduate program unless it is willing and able to pro vide the additional funds required.
Policies that permit full opportunity for the professional growth of individual faculty members must be such as to meet the special problems that arise in connection with sponsored research projects, consultation for industry and government, and participation in community affairs. These activities in proper balance provide opportunity for continuing develop ment of the faculty.
In the last decade the amount of sponsored research carried on by engineering colleges has grown enormously. Sponsored research programs properly conceived and carried out can be great assets to both graduate and undergraduate schools. They provide a means of professional development for staff mem bers. However, only when tied closely into the graduate school program will they provide opportunity for graduate students to deal with real and challenging problems as a part of their edu cation. A criterion of acceptability for each project is that com petent faculty members actively desire to work on it. However, growth in the size of the projects may so consume the time and energies of the staff that their contribution to education dimin ishes, particularly if the work becomes more routine and less challenging.
The administration is responsible for the establishment and control of such programs, for retaining proper balance between the sponsored research commitments and the other parts of the educational program of the institution, and for taking whatever steps are necessary to insure that services performed on projects provide opportunity for professional growth for the faculty and the graduate students.
C. General Character of Graduate Programs
Though graduate study in engineering may appear to be but an extension of academic preparation for the more scientific phases of engineering practice, it should represent a consider able advance beyond undergraduate study in attitudes as well as in subject matter. Undergraduate education, even when devel oped on sound scientific principles, must be based on simpli fied concepts if it is to be understood by undergraduates and if it is to serve as an introduction to practical engineering design. The more advanced concepts are, of necessity, intelligible only on a considerably higher mathematical level, and yet it is these advanced concepts that form the basis of our most penetrating knowledge of physical phenomena.
Comparison with Undergraduate and Specialized Programs-The creation of new products, industries, structures, or opera tions will involve not only scientific analysis of a higher order, but also new concepts of synthesis or design. Training in these categories is limited in undergraduate curricula, not only because students must master a minimum amount of knowl edge before they are prepared to extend or apply it, but also because individual instruction on this level is too costly in view of the number of students involved.
Furthermore, genius is not well nurtured by the fixed curric ula so characteristically prevalent today in undergraduate fields. Hence, graduate study should be flexible and custom tailored to suite the individual. This does not involve unrestricted selection of electives, for universities take seriously their responsibilities in awarding graduate degrees and rightly approve only those sub jects that contribute substantially to the major and minor fields. In engineering one of the required studies is almost invariably advanced mathematics, for the graduate student requires additional mathematics to conduct advanced work and to convey his scientific explanations to others. On the level of the master's degree anything less than a full-year course in mathe matics beyond elementary differential equations appears to be inad equate for effective understanding and use of the scientific principles on which advanced work in engineering will almost inevitably be based. The doctoral level demands at least an additional year of mathematics. As stated previously, few engineering courses are taught in a manner to make significant contributions to the student's knowledge of mathematics, nor is time available for this purpose.
Student Initiative and Responsibility-Initiative and willing ness to accept responsibility become most evident when gradu ate students undertake the research for master's theses, but more especially for the doctoral dissertations. Such labors usu ally require (1) an intimate knowledge of related scientific and mathematical principles, (2) experience in collecting relevant and discarding irrelevant information from many sources, (3) the imagination and ability to devise a new and logical method of attack, (4) the perseverance to complete the analysis, (5) the planning and performance of experiments to check the analy sis, (6) the willingness to digest these results, and (7) the exer cise of judgment in drawing valid conclusions. An appropriate thesis offers exceptional opportunity for additional educational experience and development of the student as well as a test of the degree of their achievement.
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Importance of Science-A comprehensive knowledge of mathematics alone has little practical utility for an engineer unless it is employed to effect an equally profound understand ing of those physical, biological, or engineering sciences which are the necessary background for creative design. All engineers must deal with materials, and they need to understand the behavior of materials when subjected to varying service condi tions in mechanical, electrical, chemical, or nuclear fields. Recent advances in solid-state physics indicate that knowledge of materials on an atomic and a microscopic level is required for an understanding of macroscopic or phenomenological behavior. Advanced training in science is thus most important for the graduate engineering student. It matters little whether this science is offered in special courses or integrated into oth ers. It must be covered and can appropriately grow into the proportions of a full-fledged minor, or become an integrated portion of the major field.
Nature and Important of Research-A young engineer who has an interest in research or development will find his progress more rapid in his chosen field if he can avail himself of the opportunity for the training in research which exists in any good university. The importance of this aspect of graduate study hinges on the exhilarating experience of penetrating deeply enough into some unexplored problem to uncover new truths, and to do this in association with one who has already proven himself a master of the field. The inspiration so derived is essential for a beginner in research, for he must not only learn to circumvent failures but gain the confidence to tackle new and difficult problems as they arise in engineering prac tice.
D. Graduate Housing
In graduate even more than in undergraduate work there are important intangible benefits of association with other students and faculty provided by congenial group living in university graduate housing. The graduate student, much more than the undergraduate student, works in an atmosphere of independent individual study and needs for his best growth and develop ment continuous interchange of ideas with and stimulation from students of equivalent intellectual level. Perhaps no other experience is so likely to develop the inner desire to be truly literate and alive in fields far removed from one's own specialty as is a peri od of congenial residential association with other graduate students. For married students the housing problem takes on a some what different form, but the essential issues remain unchanged. Administrative effort to provide housing should be just as vig orous for graduate as for undergraduate students.
E. Service Programs for Industry and Government
Though it is generally agreed that graduate study in engi neering has become indispensable to prepare men properly so that they may contribute effectively at advanced professional levels, only about one eighth of engineering graduates actually acquire graduate degrees. Industry and government have recog nized this paradoxical situation and have attempted to find a partial solution through more extensive fellowship programs and more effective industry-university relationships.
In large metropolitan centers late afternoon and evening programs have been initiated by local graduate schools in order to provide opportunity for part-time graduate study. More recently, where travel conditions appear to be unduly discour aging, off-campus graduate programs have been organized. Both represent a service to engineering education when they are carried on as high-level programs, but they give a false sense of achievement if they are not so conducted.
F. Part-Time Programs
Engineers who are confronted with difficult engineering problems soon appreciate the need for more extensive under standing of fundamental science and engineering science. Their undergraduate studies seldom permitted the extensive preparation in mathematics and physics required for real mas tery of basic principles and their application to advanced engi neering design or research.
Most frequently, part-time graduate programs are arranged to permit students to attend graduate classes after normal working hours. This arrangement places a heavy burden upon the graduate student. More important, however, is the require ment of a first-class faculty for these evening courses in order to merit the efforts of both institution and student. It is entire ly inadmissible to entrust such graduate classes to untried teachers or to men without adequate educational experience. A strong background of practical experience is not sufficient jus tification for employing an individual as a graduate teacher either on a full-time or part-time basis. Since his appointment as a part-time teacher precludes close contact with other teach ers in an academic atmosphere, previous teaching and research experience are essential.
If the course offerings are highly specialized so as to furnish graduate background in narrow field, outside experts might serve adequately or after some experience even in a distin guished manner as teachers. However, if the course offerings tend to crystallize into a degree program, members of the full-time facul ty must be available to teach at least the majority of the graduate courses. It is particularly important for degree programs to oper ate with admission criteria identical with those practiced in the full-time graduate school and to maintain the same standards of performance. Injudicious mixing of auditors or poorly quali fied students with candidates for graduate credit is strong evi dence that the standards of the program are not at a master's degree level.
The full-time graduate student in a strong engineering school obviously has the advantage of informal association with outstanding faculty members. The evening student may have partial compensation through professional associations in his work. He is usually more mature, but in carrying two jobs he is commonly overworked. As a minimum standard he must have the opportunity, at least in the basic courses, to study under the leading faculty members in his field in order to receive ade quate educational stimulation.
It is unnecessary to reiterate what has been emphasized elsewhere many times; the value of a degree is determined by the quality of the faculty that administers it. A program of appropriate courses alone does not establish a strong graduate school; it must be supplemented by supervised advanced design or research conducted as a continuing program by a distinguished graduate fac ulty.
Critical understanding of the basic principles is most impressively demonstrated in a graduate thesis or in equivalent projects of major significance. Without such a creative contri bution, whether it be creative design, original development, or research, the graduate degree has deteriorated to a certificate of limited scholastic attainment.
Although doctoral dissertations are now restricted generally to work performed in residence, nevertheless a considerable number of such theses have been completed in absentia. There is a widely held conviction within established graduate schools that the major doctoral degree should be awarded only for graduate work in residence that meets high academic stan dards.
G. Off-Campus Programs
All that has been said about possible shortcomings of indis criminate part-time graduate course offerings is even more true of off-campus graduate programs. They are usually organized to meet the educational needs of a particular industry, group of industries, or a governmental research laboratory located an appreciable distance away from the nearest graduate engineer ing school. Often in their first conception they are not pro grams leading to degrees.
Unfortunately, more and more the demand has arisen to convert these off-campus programs into advanced-degree pro grams, in some cases allowing substitution of course work for the graduate thesis. Real danger to the whole concept of graduate study can come from easy compromise both with respect to the quali ty of the faculty teaching such programs as well as to the facilities available and the quality of students admitted. The feeling of obligation can be overpowering, yet the undertaking of respon sibilities with inadequate faculty, library, and other facilities can lead only to grave criticism by the professional community and even by the students themselves. The near impossibility of maintaining the high standards expected of resident study without the extensive facilities on the campus has often been overlooked.
One necessary requirement must be the complete educa tional control of each program by the institution organizing it. Without prior experience in resident graduate study programs a faculty has more difficulty in appraising off-campus activities and should not undertake them.
The Committee feels that many off-campus graduate pro grams that have been in operation should not qualify for acade mic degree credit. The Committee also does not believe that any Master's or Ph.D. degree should be given on the basis of an appreciable amount of credit earned in off-campus work. It is possible that certificates or professional degrees may form appropriate acknowledgements of such achievement.
VII. CONCLUSION
The Committee has been concerned with what it believes to be reasonable, attainable objectives, rather than with Utopian goals on the one hand or minimum standards for accreditation of undergraduate curricula on the other. Nevertheless, respons es to the Preliminary and Interim Reports evidenced a wide desire to raise hitherto-accepted minimum standards, and it is anticipated that this Report will assist the Engineers' Council for Professional Development (ECPD) in attaining such a goal.
In closing this Report the Committee wishes to re-empha size that it believes the spirit of its recommendation in advo cating scientifically oriented undergraduate curricula must receive more attention than mere observation of proposed frac tions of time devoted to particular areas. It gave a great deal of thought to the possibility of prescribing the level of attainment in each of the areas of importance in engineering education, but it was unable, except possibly in mathematics, to make a quantitative specification which would take into account the inherently dynamic nature of the basic sciences and more espe cially that of the engineering sciences. College faculties must perform this work year by year.
The task initially undertaken by this Committee is not fin ished nor can it ever be finished. The problem of the Evaluation of Engineering Education should always be in the consciousness of the members of faculties of engineering col leges. Each teacher must consider this task a vital personal one and approach it with intellectual vigor and full consideration for the needs of an expanding economy, requiring engineers with vision, creative ability, and sound training of truly funda mental nature. Since these desired qualities cannot be achieved for all students in an identical manner, elective study is recom mended. The choice of electives at the undergraduate level contributes to the development of a stronger humanistic and social background for some engineers and a stronger scientific background for others with a resultant overall strengthening of the profession of engineering.
The interest and effort shown by the Institutional Committees make this Committee optimistic that improve ment will be sought, and it therefore recommends the imple mentation of its Report at the local level. Improvement of engineering education is the responsibility of every teacher of engineering students.
APPENDIX A
Historical Background of Previous Evaluation Studies
Since the organization of the Society for the Promotion of Engineering Education in 1893 there have been many studies of engineering curricula which reviewed content of the several programs and gave a distribution of time to the major divisions of the work. Out of the study begun as the Mann Report, pub lished as Carnegie Bulletin No. 11, came the Wickenden Report of 1923-29. It was followed by "Aims and Scope of Engineering Curricula" in 1940 and "Engineering Education After the War" in 1944, produced under the chairmanship of H. P. Hammond. D. C. Jackson's "Present Status and Trends of Engineering Education in the United States" was published in 1939, and its study of curricula may be considered as a sup plement to the Wickenden Report.
Since the Wickenden Report is so basic and fundamental it may be desirable to quote a few sentences:
